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This  thesis  presents  the  results  of  114  contacts  made  with  manager.' 
in  the  aerospace  Industry,  both  government  and  civilian.  The  purpose  of 
this  document  Is  to  analyze  the  data  gathered  In  the  course  of  these 
contacts,  so  as  to  obtain  a batter  understanding  of  tho  current  applica- 
tions of  PERT/CFM,  C£A  and  CRA.  By  this  understanding,  I hope  to  he 
able  to  Influence  managers  in  their  fuluro  use  of  these  techniques. 

I am  very  grateful  to  the  many  Individuals,  in  the  Air  Force  and 
private  Industry,  who  unselfishly  gave  mo  Information  about  the  manage- 
ment techniques  being  used  in  their  organizations. 

I would  also  like  to  thank  Major  inward  J.  Dunne,  my  advisor,  for 
his  support  and  guidance  throughout  this  research  effort.  Without  his 
advice,  this  thesis  would  not  1st  today, 

Finally,  I would  like  to  acknowledge  the  invaluable  assistance  and 
patient  understanding  ct  my  wife,  Julio,  during  the  months  devoted  to 
the  research  and  preparation  of  this  thesis. 
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Abstract 

mu  rapid  p-?ce  r'<  t^^lmolon ical  progress  in  tho  last  75  years  has 

caused  tho  development  of  a number  of  new  management  tools,  but  perhaps 
tho  most  controversial  of  these  is  network  based  management.  Two 
closely  related  methods  exist,  tho  Program  Evaluation  and  Review  Tech- 
nique (PERT)  and  the  Critical  Path  Method  (CFM).  These  methods  aro 
oftan  spoken  of  today  as  one,  called  PERT/CPM.  Two  important  analytical 
techniques  often  used  with  PERT/CIW  aro  Cost  Duration  Analysis  (CI*0  and 
Critical  Rosourco  Analysis  (CRA).  PERT,  CPM,  CQA,  and  CRA  have  gone 
through  many  changes  since  they  were  develc  in  the  late  195 O' s,  and 
the  current  theoretical  and  mathematical  approaches  to  them  con  be  quite 
complex.  This  theory  tends  to  dominate  published  material  in  the  net- 
work management  field,  there  being  little  documentation  of  practical 
applications  of  PER'i/CRl,  This  disparity  was  investigated  in  tho  aero- 
space industry  in  this  thesis. 

Contacts  woro  made  with  114  organizations,  48  military  and  6*  pri- 
vate Industry.  Information  was  received  from  105,  and  of  these,  48  wore 
using  some  form  of  PERT/CPM.  In  tho  military,  38  percent  wore  using 
PERT/CPM;  while  in  industry  it  was  47  percent.  There  was  a significant 
discrepancy  in  tho  experience  levels  between  Air  Force  and  industry, 
with  the  industry  having  considerably  more  experience.  The  use  rates 
for  CDA  and  CRA  wore  found  to  be  quite  low,  with  only  9.3  percent  and 
7 pcrcont,  respectively,  of  current  PERT/CIM  users  reporting  the  use  of 
these  techniques.  Individuals  interviewed  were  asked  to  evaluate  CEA 

vi 


-and  CRA,  and  it  was  found  that  the  most  often  mentioned  reasons  for 
not  us  inn  CUA  and  CRA  wore  their  complexity  and  cost. 
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PERT/CPM  AN  0 S U PPLEMEN TARY  ANALYTICAL  TECiN  IQUES  : 


AN  ANALYSIS  OF  AEROSPACE  USAGE 


I IfL£jo<»vt9t,Hop 


background 

Tho  history  of  management  contains  records  of  the  use  of  many 
various  types  of  tools  and  techniques.  The  advent  of  what  has  been 
called  scientific  management  in  the  early  1900's  brought  about  a trend 
toward  complex  managerial  systems,  and  this  trend  continues  today.  The 
rapid  paco  of  technological  progress  In  the  last  75  years  has  spawned 
the  development  of  a number  of  very  interesting  managerial  tools,  and 
one  of  the  most  controversial  of  these  is  network  basod  management. 

This  management  tool  can  be  thought  of  as  two  very  closely  relntod 
methods,  the  Program  Evaluation  and  Review  Technique  (PERT)  and  tho 
Critical  Path  Method  (CFM).  Each  of  these  was  developed  by  a different 
group,  to  be  used  on  different  types  of  projects,  but  they  still  have  a 
considerable  amount  in  common.  Through  the  20  years  or  so  since  they 
were  conceived,  those  methods  have  undergone  evolutionary  changes, 
additions,  and  deletions.  There  are  many  supplemental  analytical 
methods  which  have  been  used  with  PERT  and  CPM,  but  the  two  most  common 
are  Cost  Duration  Analysis  (CDA)  and  Critical  Resource  Analysis  (CRA). 
These  two  analytical  techniques  will  be  examined  in  detail  in  this  paper, 
but  some  definition  of  terras  is  first  required. 
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Terminology 


PERT  and  CPM  originated  as  separate  methods,  but  arc  now  often 
thought  of  as  the  same  thing.  In  this  paper,  when  ono  or  the  othoi  13 
used  it  Is  meant  that  method  specifically;  when  PERT/CPM  Is  used.  It  Is 
meant  both  methods  taken  together  as  a generic  set  of  networking  methods. 
The  reader  Is  assumed  to  have  a basic  familiarity  with  PERT/CPM,  and  If 
this  is  not  the  case  the  reader  Is  referred  to  an  Introductory  text  on 
PERT/CPM  (Ref  6,  13,  41). 

PERU  A PERT  network  consists  of  a group  of  events  or  activities 
usually  represented  by  circles  and  arrows  linked  together  In  a 
manner  which  represents  the  project  to  be  completed.  Most  often 
constructed  as  an  Activity -on- Arc  (or  Arrow)  network  (A-on-A) 

Three  time  estimates  are  used,  pessimistic,  most  likely,  and  opti- 
mistic; this  allows  statistical  Information  to  bo  calculated,  such 
as  the  probability  of  completing  the  project  on  time. 

This  technique  is  similar  to  PERT  in  appearance,  but  the 
circles  or  nodes  usually  represent  the  activities,  hence  It  Is 
often  callod  Actlvlty-on-N ode  (A-on-N).  Only  one  tlmo  estimate  Is 
used  for  each  activity,  which  Is  simpler,  but  allows  for  no  sta- 
tistical calculations.  As  a result,  CPM  networks  are  often 
referred  to  as  deterministic,  as  opposed  to  a PERT  network  which 
Is  probabilistic. 

Cost  Duration  Analysis  (CPA).  This  is  a method  of  economic 
analyst b which  can  be  applied  to  PERT/CPM  networks.  Each  activity 
In  a network  is  assigned  a direct  cost  for  Its  normal  completion 
time,  and  then  is  assigned  other  values  of  direct  cost  (usually 


higher)  for  various  shorter  completion  times,  down  to  a time  which 
is  believed  to  be  the  shortest  feasible  'ictivity  completion  time. 
Using  these  direct  c03t-time  relationships  for  each  activity  in  a 
network,  CUA  progressively  doev^asos  total  project  completion  time 

in  such  a manner  that  the  project  direct  cost  is  increased  the  least 
possible  amount.  This  project  direct  cost-time  relationship  can  be 
combined  with  indirect  costs,  and  other  data  such  as  bonuses  for 
early  completion  and  penalties  for  late  completion*  This  then 
allows  further  economic  analysis  which  can  indicate  a project  com- 
pletion time  which  is  optimal  in  terms  of  minimum  total  project 
cost. 

COA  has  also  been  called  other  namost  time-cost  trade-off 
analysis;  cost  optimization;  schedule  compression;  synthesis. 
Critical  Resource  Analysis  (CRA).  This  is  an  analytical  technique 
used  with  PER’f/CPM  networks  which  have  one  or  more  resources  that 
are  available  only  In  limited  quantity.  When  a resource  is  re- 
quired for  the  completion  of  several  activities  which  may  be 
scheduled  at  the  same  time,  this  technique  is  used  to  develop  a 
schedule  or  sequence  for  the  employment  of  those  limited  resources. 
These  schedules  or  sequences  of  employment  allow  the  project  to  be 
completed  In  either  the  desired  time,  or  if  that  is  not  possible, 
in  the  shortest  feasible  time  greater  than  the  desired  time. 

In  the  :irat  case,  where  it  is  possible  to  schedule  resources 
Into  the  network  without  modifying  it  or  lengthening  it,  the  method 
is  called  resource  leveling.  In  the  second  case,  when  this  is  not 


possible  and  the  network  must  be  modified  in  way,  the  method 

is  called  resource  schedul ing. 

Examples  of  resources  which  are  often  available  only  in  fixed 
number,  and  hence  could  become  critical  resources  aro:  Key  super- 
visory personnel,  special  machinery  cr  equipment,  storage  or 
working  space,  and  transportation  equipment  or  vehicles. 

Research  Objectives 

PERT/ CM  networking  techniques,  cost  duration  analysis,  and 
critical  resource  analysis  are  often  major  topical  areas  in  many  manage- 
ment, Operations  Research  (OR),  and  Industrial  Engineering  texts  and 
periodicals  (Ref  6,  11,  12,  20,  24),  Tlie  overall  objective  of  this 
effort  is  to  determine  the  extent,  type,  and  maimer  in  which  these  net- 
work management  techniques  are  currently  being  used  in  aerospace  related 
activities  in  government  and  industry.  Subsidiary  to  this  general  thome 
aro  specific  objectives  to  be  achieved  in  support  of  the  overall  effort. 

At  one  time,  use  of  PERT  was  mandatory  on  all 
major  UOD  acquisition  contracts.  Since  tliat  time,  the  use  of  PERT  and 
C1W  socans  to  havo  dwindled  considerably  (Ret  11,  14).  An  objective  of 
this  research  is  to  determine  how  much  PERT/CIM  is  being  used  today  In 
irajor  aerospace  acquisition  programs,  both  by  contractors  and  by  fhe 
Air  Force.  Additionally,  in  what  situations,  if  any,  is  PERT/CPM  used 
more  often  (i.e.l  research,  development,  pru-producticn , mass  produc- 
tion, qual’ty  assurance,  etc,). 

The  above  specific  objectives  deal  with  factual  use  of  PERT/CPM, 
Also  to  be  Investigated  is  the  opinion  ot  PERT/CPM  users  as  to  the 
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methods*  usefulness  and  desirability  versus  other  contemporary  manage- 
ment tools.  These  data  will  be  recognized  for  what  they  are  - opinion, 
and  will  bo  treated  accordingly. 

CilA/CRA  Usage.  These  analytics l techniques  have  often  been  recom- 
mended in  the  literature  as  lessor tan t tools  to  augment  PERT/Cfti  networks. 
An  objective  to  this  study  is  to  determine  to  what  extent  CQA/CRA  is 
being  employed  by  users  of  PERT/CPM  networks.  The  reasons  for  managers' 
use  or  non-usn  of  CDA/CRA  techniques  is  also  to  be  investigated  These 
reasons,  when  compared  to  the  theoretical  literature,  may  have  important 
implications  for  future  research  in  the  area.  If  managers  are  not  using 
cua/CRA,  is  it  because  they  have  tried  it  and  found  it  unsuitable,  or 
have  they  relied  on  negative  reports  of  others,  or  are  they  uninformed 
of  the  potential  usefulness  of  these  techniques?  These  are  all  questions 
addressed  by  this  study. 

In  order  to  accomplish  the  objectives  of  the  research,  a search  of 
the  literature  was  necessary,  and  data  on  PERT/CPM  usage  had  to  be 
gathered  and  analyzed. 

Literature  Search.  In  order  to  properly  place  today's  use  of 
PERT/CWi  and  CQA/CRA  in  perspective,  a knowledge  of  the  history  of  the 
techniques  is  necessary.  To  meet  this  end,  a concentrated  search  ./as 
made  of  the  available  literature.  Emphasis  was  put  on  historloal  develop- 
ment of  CUA  and  CRA,  and  on  the  theory  as  currently  contained  in  the 
literature.  Historical  information  on  PERT/CPM  was  also  gathered  in 
the  course  of  the  research.  Much  of  the  material  concerning  early  PERT 
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arc  000  documents,  therefore  extensive  use  of  the  Defense  Documentation 
Canter  (DDC)  and  the  Defense  logistics  Studies  Information  Exchange 
(DLSIE)  wan  made.  Prior  theses  and  dissertations,  at  this  institution 
and  elsewhere,  were  examined.  These  papers  were  most  helpful,  often 
saving  mote  extensive  background  Investigation. 

Interviews.  The  actual  data  about  usage  of  network  management 
techniques  cone  from  Interviews  with  persons  in  both  the  Air  Force  and 
industry.  A survey  could  have  been  used,  but  a survey  of  nongovernment 
employees  was  ruled  out  by  Air  Force,  DOD,  and  Office  of  the  Management 
and  Budget  (GHB)  policies.  Only  a very  limited  number  of  surveys  of 
this  type  are  allowed  annually  to  be  done  by  government  employees,  and 
the  approval  necessary  could  not  be  obtained.  For  this  reason,  Inter- 
views of  industry  repreawn tat ives  was  chosen  as  the  next  beet  alterna- 
tive method.  For  consistency  of  analysis,  interviews  of  Air  Force 
personnel  were  also  used. 

Approximately  100  knowledgeable  individuals  were  contacted  in  the 
Air  Force  and  Industry,  A knowledgeable  individual  is  defined  as  one 
who  has  information,  from  personal  or  direct  supervisory  experience,  of 
the  use  or  non-use  of  PERT/CPM  and  ClA/CRA  by  that  individual's  organi- 
zation. To  get  to  that  person  often  required  contacting  two  or  three 
others  in  the  same  organization,  since  special  attention  was  given  to 
contacting  the  person  most  knowledgeable  about  PERT/CPM  in  each  organi- 
zation. For  a list  of  organizations  contacted,  seo  Appendix  At  for  a 
list  of  persona  interviewed,  see  Appendix  B.  Same  interviews  were  con- 
ducted in  person,  while  same  were  conducted  by  telephone,  depending 
on  the  amount  of  information  believed  at  the  time  to  be  available,  and 


on  the  location  of  the  Individual.  Most  industrial  Interviews  were  by 
telephone,  while  Air  Force  interviews  were  about  SO  percent  by  tele- 
phone. Regardless  of  whether  telephone  or  personal,  each  Interview  was 
structured  the  same  as  much  as  possible.  Questions  were  formulated  and 
answers  recorded  using  the  format  shown  in  Appendix  c,  it  was  often 
necessary  to  define  CQ\  and  CRA  and  occasionally  PERT/CPM.  This  was 
done  using  slightly  modified  versions  of  the  definitions  presented  pre- 
viously in  this  chapter. 

Sources  for  persons  to  interview  were  many  and  varied.  At  Wright- 
Patterson  AFB,  the  Aeronautical  Systems  Division  (ASD)  computer  center 
personnel  were  helpful  in  pinpointing  PERT/CPM  users.  Other  sources 
wore  the  writer's  personal  knowledge,  telephone  directories,  organisa- 
tional charts,  and  word  of  mouth  from  other  PERT/CPM  users.  In  industry, 
sources  were  Qeyton  Chamber  of  Commerce  publications,  magazines,  adver- 
tising circulars,  telephone  directories,  and  references  from  other  PERT/ 
CRi  users.  A word  of  explanation  is  necessary  about  the  apparent  dupli- 
cation of  some  organisations  in  Appendix  A.  Some  organizations  (Air 
Force  and  Industry)  have  quite  centralized  control  functions,  so  that 
one  office  has  knowledge  of  the  workings  of  many  projects,  and  a 
knowledgeable  individual  in  that  office  was  the  only  contact  necessary 
in  that  organization.  Othor  organizations  are  quite  rigidly  dlvidad 
by  project  or  division,  and  are  responsible  to  the  parent  organisation 
only  as  a cost  center.  In  this  case,  a knowledgeable  individual  had 
to  be  contacted  in  each  responsibility  center.  In  a decentralised 
organization,  on  occasion,  a person  could  be  found  who  had  bean  in  the 
company  for  many  years  and  knew  the  workings  of  many  areas. 
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After  the  detailed  questions  concerning  CQA  and  CRA.  additional 
comments  were  solicited  regarding  PERT/CIM,  and  there  were  recorded  as 
accurately  as  possible.  These  comments  were  helpful  in  defining  atti- 
tudes and  other  subjective  evaluations  of  the  data  by  the  interviewer. 
These  Interview  evaluations  will  be  discussed  lator. 

There  appear  to  be  sane  distinct  advantages  to  interviewing  versus 
surveying  In  a research  projact  such  as  this.  One  advantage  is  the 
ability  of  the  interviewer  to  draw  out  a reticent  participant. 

Questions  in  a survey  may  not  ba  interpreted  in  the  same  manner  by 
everyone,  but  in  an  interview  they  can  ba  re-phrased.  Another  advantage 
is  the  ability  to  contact  the  cane  person  (or  persons)  in  sn  organisation 
who  have  the  most  knowledge  about  the  subject.  The  moat  obvious  ad- 
vantage la  the  number  of  returns.  Survey  return  rates  can  ba  quite  low. 
on  the  order  of  20  to  30  percent.  There  are  some  disadvantages  to 
interviewing  as  well,  the  largest  being  time  and  work.  Ev«n  by  tala- 
phone.  interviewing  almost  60  people  Is  time  consuming,  as  is  getting  in 
touch  with  the  right  person.  Another  disadvantage  is  interviewer  bias. 
Leading  questions  and  interviewer  reactions  ware  controlled  to  some 
degree  with  the  structured  format  that  was  used. 

Analysis  of  Patau  Whan  all  interviews  were  completed,  the  answers 
ware  coded  and  transferred  to  computer  cards.  The  design  of  the  format 
for  the  transfer  of  data  was  dene  after  most  of  tha  interviews  were 
complete,  and  thus  It  was  able  to  accommodate  pertinent  comments  outside 
the  structure  of  the  Interview  format.  Hie  data  #a»  analysed  using  the 
facilities  of  the  ASD  computer  canter,  with  a remote  batuh  terminal  frcu 
the  Air  Force  Institute  of  Technology.  School  of  Engineering.  The 
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ASD/AFIT  system  consists  of  a CDC  6613  and  a COC  CYBER  74  operating 
system  and  peripherals.  The  Statistical  Package  for  the  Social  Sciences 
(SPSS)  Is  a set  of  programs  available,  same  of  which  were  used  for  this 
analys is . 

Jata  wac  aiutly^b^  by  raicwiU^ts  in  various  categories.  and  then 
broken  down  further  by  cross- tabulation  techniques.  Frequency  of 
responses,  as  well  as  numbers  of  responses  are  presented  in  the  analysis 
sections  later.  List-wine  and  case-wise  deletions  of  missing  data  were 
both  used,  whichever  seemed  moat  appropriate  to  the  goal  of  maintaining 
objectivity,  while  maintaining  a significant  numbor  of  data  points. 

ff«w.  and  MaHatlgtf 

The  enormous  number  of  uses  being  made  today  of  PERT/CPM  precluded 
a detailed  study  of  all  aspects  of  their  use.  This  research  project 
has  examined  the  uses  to  which  PERT/CPM  have  been  put.  and  are  being  put 
today  In  the  aerospace  acquisition  flald.  This  field  Is  not  limited  to 
national  defense  acquisition,  since  It  includes  data  from  civilian  aero- 
space organizations  not  on  military  contracts.  Tha  aerospace  field 
Includes  both  aeronautics  (l.e. t aircraft  and  systems)  and  astronautics 
(spacecraft  and  systems). 

Them  are  other  types  of  networks  In  use  today  other  than  PERT/CPM 
type  networks,  auch  as  precodance  networks  used  in  Llne-of -Balance  (LOB) 
systems,  end  a network  used  by  the  Air  Force  in  Its  Logistics  Composite 
Model.  These  networks  are  mentioned  as  necessary  to  make  points  In 
this  report,  but  are  not  specifically  examined  In  detail. 
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The  use  o£  CH-1  Is  fairly  comnon  In  the  construction  Industry* 
especially  for  large*  complex  jobs.  These  applications  will  not  be 
explored  closely,  but  mentioned  as  necessary  to  contrast  thorn  with  aero- 
space applications. 

Limitations  imposed  on  the  uso  of  surveys  have  been  mentioned 
previously.  Time  limitations  and  wide  geographic  separation  also  pre- 
cluded personal  interviews  with  many  more  participants.  Finally*  time 
was  the  controlling  factor  of  the  number  of  interviews*  The  37  Inter- 
views obtained  have  been  assumed  to  be  a representative  cross-section 
of  the  Industry  and  Air  Force. 

In  this  chapter*  a short  background  of  FERT/CM  has  been  presented 
as  an  introduction  to  the  subject*  and  some  basic  terms  have  boon 
defined*  The  objectives  of  this  paper*  the  assumptions  made*  and  the 
methodology  which  was  used  have  been  presented. 

In  Chapter  II*  the  development  of  PERT,  CJM,  and  their  supple- 
mental analyses  is  traced.  The  current  theory  of  CQA  and  CRA  Is  pre- 
sented* and  past  application  areas  of  PERT  and  CFM  are  identified. 
Chapter  III  is  an  analysis  of  tho  results  of  the  Interviews  to  determine 
the  pattern  of  usage  of  PERT/CFM  in  the  aerospace  industry*  Use  on 
various  types  of  projects  will  be  documented*  and  assessments  of  PERT/ 
CIM  made  by  the  respondents  will  be  examined.  Chapter  IV  contains  the 
analysis  of  CQA  and  CRA  usage.  An  examination  of  management  percep- 
tions of  these  analytical  methods  will  be  made*  and  the  relationship  of 
these  perceptions  to  actual  practice  will  be  explored*  In  Chapter  V* 
the  literature  on  CQA  and  CRA  is  compared  to  its  actual  use*  and  conclu- 
sions are  drawn  about  the  implications  of  this  on  the  future  manager. 
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II  Historical  and  Theoretical  Perspectives 


Before  csuiinlnj;  the  uses  being  made  today  of  PERT/CPM  th's 
cl'ijpcei  will  serve  as  review  of  the  development  of  PERT  and  CiW,  and 
of  the  current  state  of  theory  about  CQA  and  CRA.  Although  PERT  and 
CPM  had  origins  In  different  types  of  application  areas,  they  have 
recently  become  thought  of  and  spoken  of  as  one  and  the  same  by  some 
author*  (Ref  10,  11,  12,  24).  Cost  and  resource  analyses  of  these  net- 
works have  likewise  been  recently  lumped  together,  despite  earlier  dis- 
tinctions. These  early  differences  and  the  recent  Interweaving  of 
concepts  and  techniques  is  significant,  and  the  treeing  of  these  events 
will  build  a necessary  background  against  which  today's  techniques  may 
bo  viewed. 

UttYglggatnV  flL.gBL 

CPM  was  probably  the  first  networking  technique  developed  to  be 
used  as  a management  tool.  The  E.  I.  DuPont  de  Nemours  & Company  began 
development  of  the  method  In  1952,  and  by  1955  the  basic  concepts  of 
Critical  Path  Scheduling  (Ref  14<16)  were  outlined.  In  1956  and  1957 
further  work  was  done,  including  the  use  of  computer  programs  to  tost 
and  demonstrate  the  technique.  The  development  effort  was  a Joint 
project  of  DuPont  and  the  Remington  Rand  Division  of  Sperry  Rand  Cor- 
poration. James  E.  Kelley,  Jr.  was  the  principle  developer  of  the  model 
and  the  mathematical  technique,  while  he  was  head  of  Remington  Rand's 
UN  I VAC  Applications  Research  Center.  Morgan  Walker,  the  iXiPont  engineer 
who  worked  with  Kolley,  headed  DuPont's  Systems  Englnesring  Development 
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Group,  These  two  men  pioneered  the  development  of  CFM(  and  continued 
for  years  afterward  to  be  the  authorities  or  it. 

li.c  first  large  scale  use  of  this  new  procedure  was  on  the  periodic 
overhauls  of  a chemical  plant  in  Louisville,  Kentucky,  The  problem  at 
the  plant  was  the  downtime  lost  during  overhaul,  since  a complete  shut- 
down was  necessary  for  safety  reasons.  Using  Critical  Path  Scheduling, 
DuPont  engineers  were  able  to  cut  downtime  from  125  hours  to  93  hours, 
and  anticipated  cutting  downtime  further  through  the  use  of  CDA  (Ref 
1x61).  Even  at  this  time,  in  1959,  Cost  Analysis  was  a part  of  this 
networking  method. 

Cost  Analysis.  Kelley  and  Walker's  early  version  of  CPM  contained 
provisions  for  coat  analysis  which  differ  in  no  basic  way  from  those 
being  used  today.  This  concept  of  Cost  Duration  Analysis  (CQA)  was 
well  established  as  an  integral  part  of  CPM  by  Kelley  and  Walker,  and 
was  considered  by  some  as  more  important  than  later  statistical  analysis 
Introduced  In  PERT  (Ref  lt66).  The  methodology  used  at  that  time  by 
Kelley  was  the  primal-dual  algorithm,  a special  type  of  parametric 
linear  program  (Ref  17x296).  The  primal-dual  algorithm  has  undergone 
sane  evolutionary  sophistication  since  then,  but  remains  the  basis  of 
many  C DA  methods  (Ref  10x26;  12(61).  A later  section  in  this  chapter 
will  deal  with  the  current  theory  of  CQA. 

Resource  Analysis.  The  basic  foundations  for  CRA  were  laid  by 
Kolley  and  Walker,  but  the  technique  was  not  developed  as  extensively 
or  as  early  as  CQA  was  developed.  The  idea  that  certain  resources  may 
be  in  short  supply,  and  hence  may  control  the  completion  time  of  the 
network  was  expressed  by  a number  of  authors  in  this  early  time 
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period  (Ref  1,  4,  17,  41),  The  first  reduction  of  this  tc 

practice  probably  occurred  in  the  1960-1962  time  frame  in  connection 
with  the  thon  rapidly  developing  CiW  technique.  Although  no  specific 
literature  on  its  earlier  development  could  be  found,  in  1961  Kelley 
proposed  two  heuristic  rules  for  its  solution  (Ref  20:352-354), 

During  the  years  1957-1958  a parallel  effort  at  developing  a net- 
work management  technique  was  taking  place  which,  though  not  an  out- 
growth of  CXM,  did  hove  its  genesis  in  some  of  the  earliest  CFM  de- 
velopment, 

SH  ffflX 

In  early  1957,  the  Navy  started  development  of  the  Polaris  or 
Fleet  Ballistic  Missile  (FBM)  weapon  system.  The  Special  Projects  Office 
for  Polaris  concluded  that  existing  management  systems  were  Inadequate 
to  handle  the  250  major  contractors  and  9000  subcontractors  involved  in 
the  program  (Ref  14:14).  In  January  1950,  a special  study  group  was 
formed  of  individuals  from  Boot,  Allen,  and  Hamilton  (a  management 
consulting  firm),  Lockheed's  Missile  System  Division,  and  the  Navy ' s 
Special  Projects  Office.  The  development  of  CfM  hod  not  been  overlooked 
by  the  Navy,  and  DuPont  had  briefed  the  Navy  about  CFH  in  mid-1957 
(Ref  14:17),  In  developing  PERT,  however,  the  Navy  carried  on  where 
DuPont  had  left  off,  and  developed  PERT  to  fit  the  needs  of  the  FBM 
Program. 

These  needs  were  for  a technique  which  could  handle  the  uncertainty 
which  existed  in  the  program.  Efforts  of  thir  type  and  slz*.  haci  never 
before  bean  attempted,  so  single  time  estimates  for  activities  were 


rejected  in  favor  of  three  time  estimates  for  each  activity.  This 
permitted  the  use  of  statistical  analyses  on  the  network,  such  as  the 
standard  deviation  of  the  time  estimates,  and  the  probability  of  on-time 
completion.  The  result  of  this  development  effort  was  PERT,  at  that 
time  called  the  Program  Evaluation  Research  Task  (Ref  30,  31).  The 
Summary  Report  Phase  2 of  the  implementation  of  PERT  at  the  Strategic 
Systems  Project  Office,  dated  September  1958,  makes  no  mention  of  CQA 
or  CRA  (Ref  31).  Nor  is  any  mention  made  of  COA,  or  CRA  in  an  article 
about  PERT  by  D.  G,  Malcolm  et  al,  which  was  received  by  the  publishers 
in  April  1959  (Ref  41). 

PERT  in  the  POD.  When  the  Navy's  successful  use  of  PERT  became 
known,  the  use  of  PERT  in  the  military  services  and  NASA  spread  very 
quickly.  By  1960,  the  Air  Force  had  developed  the  Program  Evaluation 
Procedure  (PEP),  and  Its  use  was  soon  widespread  In  the  Air  Research 
and  Development  Command,  which  became  the  Air  Force  Systems  Comnand 
(AFSC)  in  1961  (Ref  14»22),  Also  in  1961,  the  term  PEP  was  roplaced  by 
PERT,  the  two  being  so  similar  only  a name  change  was  needed  in  the 
standardization  efforts  then  underway.  There  wore  many  PERT  coordin- 
ating councils  and  groups  in  the  DOD,  all  try!  .g  to  make  PERT  vory  set 
and  regimented  (Ref  14123-26).  by  April  1964,  tho  Air  Force  had  pub- 
lished a series  of  five  manuals  called  USAF  PERI  (Ref  38-42).  These 
manuals,  which  Included  PERT/COST  and  all  nocessary  computer  system 
information,  wore  the  definitive  word  on  PERT  at  the  time,  and  ’•emain 
valuable  references  today.  Also,  by  mld-1964,  PERT  and  PERT/COST  were 
mandatory  for  use  on  all  major  defense  acquisition  contracts,  and  all 
major  program  offices  in  all  services  were  using  it  (Ref  14i29), 
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For  a detailed  historical  account  of  thin  period,  and  the  use  up  to 
1974  of  PERT  in  the  Air  Force,  see  Ewart  and  Nanney  (Ref  14).  There 
has  been  speculation  that  PERT  has  fallen  out  of  favor  in  the  Air  Force, 
but  some  authors  btlievc  that  it  lias  merely  found  its  rropor  place  (Ref 
11:49;  14:92;  24:82). 

PERT/COST.  Management  responsibility  is  often  thought  of  as  being 
divided  into  throe  aroas:  time,  cost,  and  performance  (Ref  34:1). 

PERT  is  a planning  and  scheduling  tool  useful  only  in  relating  time  and 
performance,  not  in  the  area  of  cost  control.  An  extension  of  PERT  into 
tho  area  of  costs  was  conceived  by  its  developers  (Ref  4:17).  The 
actual  development  of  PERT/COST  was  done  by  Management  Systems  Inc. 
during  late  1961  and  early  1962,  while  under  contract  to  the  Department 
of  Defense  (Ref  14:42),  The  PERT/CIM  approach  focusos  on  a Work  Break- 
down Structure  (WBS),  rather  than  on  activity  networks  os  In  tho  basic 
PERT  and  CPM  techniques,  Tho  WBS  divides  into  Work  Packages,  which  at 
that  time  were  of  about  three  months  duration  and  represented  a maximum 
of  $100,000  (Ref  9:29).  Thooo  Work  Packages  were  organized  by  project, 
and  cut  across  tho  functional  lines  of  traditional  cost  accounting 
systoms  (Ref  34:2).  In  practice,  PERT/COST  reports  were  comparisons 
among  actual,  estimated  and  budgeted  costs,  and  between  actual  and 
estimated  times  for  each  Work  Package  (Ref  14:43).  Despite  the  funda- 
mental differences  which  existed  between  PERT  and  FERT/COST,  they  wore 
often  used  together  and  became  closely  associated  in  the  minds  of  many 
people.  Tills  relationship  resulted  in  COA  and  CRA  being  associated 
by  some  people  with  PERT/COST,  when  in  fact  they  were  used  with  PERT 
networks. 
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The  PERI  Supp laments.  CCA  end  CRA  wore  sometimes  presented  as 


optional  analyses  to  be  used  with  PERT  If  desired , and  were  often 
Identified  as  "PERT  Supplements"  (Ref  9:104;  15:39-40;  36:22-25).  There 
wore  two  "PERT  Supplements"  identified  in  those  references,  "Tlmo-Cost 
Option  Procedure"  and  "Kesourco  Allocation  Procedure."  These  procedures 
amounted  to  very  simplistic  CQA  and  CRA,  respectively.  The  Time-Cost 
Option  Procedure  did  not  involve  a true  optimization  of  time  versus 
cost,  but  merely  construction  of  various  sub-optimal  plans,  the  oholoe 
of  which  to  use  being  left  to  the  manager.  Essentially,  this  was 
satisficing  rather  than  optimizing  (Ref  9:104).  The  Resource  Alloca- 
tion Procoduro  similarly  was  not  on  optimization  procedure,  but  merely 
a heuristic  procass,  the  details  of  which  were  left  up  to  the  manager. 
These  "PERT  Supplements"  wore  not  part  of  the  development  of  CDA  and 
CRA,  but  merely  off-shoots,  since  CCA  and  CRA  (in  connection  with  CM) 
had  at  that  time  ranched  a greotor  level  of  sophistication  (Ref  17:296; 
20:347).  Tho  blending  and  interweaving  of  concepts  at  this  time  re- 
sulted in  same  confusion.  For  example,  the  author  of  an  instructional 
book  on  PERT  called  CM  a “nonmilitary  PERT/COST  system,"  which  It 
certainly  is  not.  The  unsophistication  of  tho  Time-Cost  Option  Proce- 
dure was  short  llvod.  In  1965,  another  aupplamant  to  PERT  was  proposed 
called  Schedule  Compression  (SC).  This  analytical  technique  was  similar 
to  CDA  as  practiced  in  CM,  but  had  tho  additional  probabilistic 
features  of  PERT.  It  roliod  an  the  use  of  eetpeated  value  techniques 
and  statistical  analyses  to  find  an  optimal  time-cost  tradeoff  (Ref 
15:49).  other  more  sophisticated  methods  of  CUA  were  subsequently 
developed  whoroin  PERT  was  cited  as  a network  suitable  for  CCA 
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techniques  (Ref  25sl).  In  recent  years,  other  CQA,  techniques  have  also 
boon  advanced  for  use  with  PERT  networks  (Rof  3:2;  35:55).  Those  CIM. 
techniques  wore  proposals  only,  and  their  actual  application,  if  any, 
la  unknown.  The;'  were  cited  here  to  show  that,  in  theory  at  least,  cut 
Is  also  considered  a part  of  PERT. 

flrnaat  JBiaag 

Thera  are  a large  number  of  current  theoretical  approaches  to  the 
solution  of  networks  and  their  supplemental  analyses,  A detailed  do- 
acrlptlon  of  each  here  would  be  beyond  the  scope  of  this  thesis,  but  a 
listing  or  mention  of  the  major  approaches  to  the  problem  Is  believed  to 
be  appropriate. 

Networks.  Previous  sections  have  dealt  with  the  two  most  conn  an 
network  management  techniques,  PERT  and  CPM.  A basic  knowledge  of  these 
by  the  reader  has  been  assumed,  and  the  historical  development  of  each 
has  been  brlafly  outlined.  Thera  have  been  a number  of  other  network 
techniques  proposed  which  differ  from  PERT  and  CPM  in  varying  degrees. 
Two  of  those  tochnlques  will  bo  sunmarised  here  because  they  represent 
the  extreme  directions  in  which  network  development  lias  gone,  the  simple 
and  the  complex.  To  add  to  the  confusion  existing  already  In  this  fiold 
regarding  terminology,  both  of  those  techniques  have  the  same  acronym  - 
SNAP.  The  first  to  be  dlscussod  Is  the  Simplified  Network  Analysis 
Portrayal  (SNAP),  hereafter  called  Simple  SNAP  (Ref  5).  The  second  to 
be  discussed  Is  the  Stochastic  Network  Analysis  Program  (SNAP),  here' 
after  called  Stochastic  SNAP  (Ref  43), 

The  Simplified  Network  Analysis  Portrayal  (Simple  SNAP)  has  been 

presented  as  a networking  approach  only  slightly  move  complex  than  the 
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Bar  or  Gantt  chart.  Its  main  appeal  Is  simplicity,  which  has  been 
accomplished.  In  essence,  by  stripping  sway  all  complex  time  estimating 
and  probability  functions  from  PERT.  What  remains  is  a precedence 
diagram  of  tho  activities  to  bo  accomplished,  showing  interrelationships 
among  activities.  In  practice,  the  author  uses  a diagramming  technique 
not  unlike  the  flow  diagram  which  might  be  used  by  a computer  programmer. 
The  Critical  Path  is  not  explicitly  identified,  and  yes/no  decision 
nodes  are  used,  The  advantage  of  simplifying  a network  to  this  extent 
is  that  it  can  work  whore  a full  blown  PERT/CIM  could  not  be  used.  In 
tho  paper  proposing  this  technique,  the  author  presents  case  studies  of 
offices  in  which  it  was  successfully  used.  All  othor  network  methods 
had  failed  in  those  offices,  presumably  83  a result  of  over-sophist  lea- 
tlon  or  lack  of  acceptance  by  personnel.  Apparently  Simple  SNAP  is  tho 
answer  when  the  boss  will  not  support  a PERI/CPM  offort,  or  the  manager 
desires  to  keep  the  offort  simple  (Ref  5:18-25). 

Tho  Stochastic  Network  Analysis  Program  (Stochastic  SNAP)  is  a 
complete  network  based  management  system,  including  provlsiors  for  costs 
and  resources.  What  makes  Stochastic  SNAP  different  from  PERT  and  CPM 
is  that  it  ir  a stochastic  simulation  model.  Each  activity  time  is 
represented  by  a random  variable,  tho  distribution  of  which  has  been 
approximated  from  throe  time  estimates  (as  in  PERT)  using  a trionguJa” 
probability  distribution  function  (pdf).  This  triangular  pdf  is  then 

mapped  onto  a uniform  pdf,  and  tho  Monte  Carlo  technique  is  used  to 

develop  the  frequency  distributions  (Rer  43:^;  110),  i when  tho 

model  is  iterated,  that  la,  actual  network  performance  lo  simulated  a 
number  of  times,  the  critical  path  and  all  sub-critical  paths  are 
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identified  by  the  nuaber  of  iterations  on  which  they  wore  critical. 
Stochastic  SNAP  has  gone  further  toward  probabilistic  construction  than 
even  PERT,  and  is  necessarily  a computer  based  system,  since  the  sug- 
gested number  of  iterations  is  between  100  and  2S0  (Ref  43:18). 

Advantages  ot  tills  system  are  in  its  closer-to-real-life  repre- 
sentation of  activity  times,  and  its  flexibility  to  perform  what- if 
type  calculations  on  an  existing  network*  These  calculations  Include 
newly  proposed  costs  and  resource  levels,  and  enable  networks  to  be 
refined  toward  optimality  through  an  interactive  mode  using  a multi- 
color graphics  terminal,  albeit  with  the  manager  providing  tho  major 
impetus  rather  than  a canned  CDA  or  CRA  optimizing  routine.  Stochastic 
SNAP  Is  being  used  extensively  at  the  Kaval  Air  development  Center 
C4AdC),  William  drove,  Pennsylvania  where  Computer  Sciences  Corporation 
acts  as  the  management  consultant  assisting  the  Kavy  with  Stochastic 
3 NAP.  In  addition,  two  System  Program  Offices  (SPO)  at  the  Air  Force 
Electronic  Systems  Division,  Hans com  APB,  Massachusetts,  are  in  the 
early  stages  of  using  Stochastic  SWAP  on  remote  terminals  from  WAX. 

Of  tho  10  or  so  network  programs  examined  for  this  paper.  Stochastic 
SNAP  shows  the  most  advantages  and  has  the  most  promise  as  a contender 
tor  the  next  generation  of  network  management  programs.  However,  it  is 
more  complex  than  most,  and  hence  may  bo  more  costly  in  the  long  run. 

Coat  Duration  Analysis.  When  a project  ha a been  represented  by  a 
network  lunagement  technique,  further  very  useful  Information  cen  be 
gathered  by  applying  CQA.  Each  activity  can  bn  assigned  a direct  coat 
for  completion  at  the  estimated  (normal)  timo.  The  total  notvork  direct 
coet  is  then  the  aim  of  all  the  activity  direct  costs,  and  the  network 


19 


time  is  the  sum  of  the  times  of  the  activities  or.  tho  longest  path 
through  the  network.  It  may  be  desirable  to  know  something  about  the 
co.c.t  to  complete  the  network  in  a shorter  time,  and  C03ts  for  each 
activity  at  shorter  times  may  be  estimated.  What  is  now  necessary  to 
know  is  which  activities  to  shorten  and  by  how  much.  The  answer  to  that 
question  is  found  through  CU&.  As  mentioned  previously,  this  analysis 
was  an  original  part  of  CEM,  and  was  extended  to  PERT.  Many  methods 
exist  to  solve  this  problem,  and  only  some  of  the  more  prominent  ones 
will  be  mentioned. 

The  primal-dual  flow  algorithm  which  Kelley  originally  used  (Ref 
17,  21)  Is  still  a valid  method,  but  contained  some  assumptions  which 
limited  it  somewhat S 

(a)  The  true  time-cost  relationship  of  activities  is  continuous 
and  convex. 

(b)  Linear  or  piecewise  linear  accurate  approximations  may  be 
made  to  the  true  relationship  for  each  activity. 

(c)  All  activities  are  independent  (Ref  10:27;  17:298). 

Other  methods  which  do  not  assume  (a)  or  (h)  above  ha'/e  also  been  de- 
veloped. These  include  alternative  solutions  to  linear  (or  piecewise 
linear)  cost-tlmo  relationships,  continuous  convex  curves,  continuous 
concave  curves,  and  a discontinuous  nan Increasing  function  (Ref  12:61- 
118).  This  list  is  strictly  representative,  not  exhaustive,  and  there 
are  often  more  than  ono  method  to  solve  the  problem  for  any  givan  shape 
of  the  cost-time  curve.  Several  comprehensive  reviews  of  the  state  of 
the  art  of  Cl>*.  and  CRA  have  boon  published,  Krlshnamoorthy  (Ref  23)  in 
1968,  Dunne  (Raf  10)  in  1971,  and  Elmaghraby  (P.cf  12)  in  1977.  in 
general,  these  complex  methods  are  intended  to  be  computerized.  They 
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often  yield  exact  optimal  solutions  which,  of  course,  are  only  as  exact 
as  the  cost  estimates  made  for  the  activities. 

Of  particular  liiterest  to  managers  should  be  methods  which  consider 
the  resource  availability  along  with  cost- time  trade-offs.  One  such 
"total  package"  approach  to  CQA  and  CRA  was  proposed  by  Dunne  (Ref  10), 
Another  model  which  considers  resource-duration  interactions  is  presented 
by  Elmaghraby  (Ref  12:173). 

In  addition,  there  are  some  feasible  heuristic  methods  which  are 
considerably  more  simple,  some  of  which  can  be  done  by  hand  (Ref  6:558; 
9:104-107;  15:49-64;  17:104-132).  Ihese  heuristic  methods  do  not  yield 
optimum  solutions,  but  rather  provide  a high  probability  that  a better 
than  average  solution  will  be  identified.  These  heuristic  methods  often 
make  assumptions  which  are  valid  only  for  specific  uses  of  networking, 
and  hence  are  limited  in  application.  For  simple  applications,  or  in 
cases  where  valid  simplifying  assumptions  can  be  made,  these  heuristics 
have  the  advantage  of  considerable  cost  and  time  savings. 

Critical  Resource  Analysis.  CRA  is  a type  of  analysis  which  may  be 
used  with  a PERT/CPM  network  in  which  a resource  is  in  some  sense  criti- 
cal, A resource  can  be  almost  anything,  but  is  most  comnonly  specialised 
personnel  or  equipment.  A critical  resource  is  something  whose  use  is 
in  some  way  limited  because  of  number,  cost,  availability,  or  other 
reason.  CRA  can  take  on  two  forms,  depending  on  the  project  set  up. 

If  no  set  end  date  exists,  but  completion  is  desired  as  soon  as  possible, 
resource  scheduling  will  be  used  to  arrange  activities  in  the  network  to 
fit  the  available  resources.  Various  heuristic  assignment  rules  exist 
which  Increase  the  chances  of  arriving  at  an  optimal  (minimum)  project 
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duration.  The  other  ca se  is  where  * set  end  date  exists  for  the  project. 
Heret  resources  must  be  allocated  within  the  available  slack  of  the  net* 
work,  while  observing  the  resource  constraints  present.  This  method  is 
resource  leveling,  and  is  also  solved  by  various  heuristic  assignment 
rules  (Ref  6:367). 

One  marked  difference  between  CRA  and  CQA  Is  the  lack  of  completely 
defined  optimal  methods  in  CRA.  There  are  a few,  but  they  are  of 
limited  application,  and  only  rarely  useful  (Ref  12:169).  The  heuristic 
approach  to  a problem  necessarily  produces  a proliferation  of  methods. 
Soma  of  the  most  cannon  are:  allocate  resources  serially;  schedule  Job 
with  the  longest  (or  shortest)  duration  first;  schedule  e particular 
department  first;  schedule  job  with  least  technical  uncertainty  first. 
Along  with  one  or  more  of  these,  preference  can  be  given  jobs  with  the 
least  slack,  and  non*crltlcal  jobs  can,  if  possible,  be  rescheduled  to 
free  resources  for  critical  joba  (Ref  6:366;  44:130).  These  are  only  a 
few  of  the  possible  rules,  and  many  combinations  of  various  rules  are 
possible.  Elmaghraby  (Ref  12:135*168)  and  Quine  (Ref  10:21*24)  list 
and  diacuss  some  of  the  more  cannon  heuristic  methods. 

Among  the  optimal  methods  available,  the  Branch  and  Bouid  (B tS) 
algorithm  seems  to  be  most  prominent  (Ref  2:11;  12:204).  However,  the 
upper  limit  on  the  number  of  activities  the  B6£  algorithm  can  handle 
has  been  claimed  to  be  thirty  (Ref  2:23),  Integer  Linear  Programming 
models  are  also  in  use  (Ref  12:169),  aa  well  as  Assembly-line  Balancing 
techniques  (Ref  12:183). 


22 


Applications  of  Networking  In  the  Literature 


One  impetus  for  thin  thesis  van  the  apparent  imbalance  between 
theory  and  application  in  the  literature.  That  Initial  observation  was 
not  unfounded,  nor  was  It  limited  to  any  particular  period  of  time. 
Certainly  applications  were  not  lacking,  because  some  organisations 
were  and  still  are  using  networking*  What  Is  lacking  Is  documentation 
of  these  applications,  and  Information  about  how  widespread  such  appli- 
cations are.  There  ere  notable  exceptions,  usually  the  "firsts"  to  use 
something,  or  comprehensive  reviews  done  years  later  (Ref  14,  30,  31). 
This  situation  Is  particularly  true  for  COK  and  CRA.  These  two  analy- 
tical methods,  however,  may  also  suffer  from  a true  lack  of  applications, 
not  merely  a lack  of  documentation. 

PERl/CFM  Use  In  the  Literature.  As  mentioned  previously,  PERT  use 
was  mandatory  on  major  defense  acquisition  contracts  for  a period  of 
ebout  two  years,  and  was  still  used  after  that,  and  continues  to  bo  used 
today  In  many  areas  of  000  acquisition.  Present  use  will  be  discussed 
In  Chapter  III.  Outside  of  DOD  and  Its  contractors,  early  PERT/CPM  use 
was  lees  standardised,  but  still  substantial.  A 1962  survey  of  major 
PERT  users  showed  66  percent  of  companies  using  it  on  military  projects, 
19  percent  using  It  on  commercial  projects,  and  13  percent  using  it  on 
both  (Ref  4t3).  The  number  of  users  on  which  these  percentages  are 
based  however,  was  not  disclosed  by  the  authors  of  the  original  report 
(Ref  8(136).  In  1964  a survey  of  183  PERT  users  showed  about  40  percent 
using  it  on  research  and  development,  33  percent  were  using  it  on  con- 
struction, and  various  percentages  less  chan  17  percent  each  in  six 
other  categories  (Ref  14(18-19).  A 1963  survey  of  186  Fortune  500 


23 


Corporations  showed  results  favoring  construction,  with  only  48  percent 
using  it  for  research  and  development,  while  53  percent  used  it  in  con- 
struction (Ref  33).  Other  categories  where  PERT/CFM  was  being  used  in 
the  above  surveys  were*  Product  Planning,  Maintenance,  Computer  Instal- 
lation, Marketing,  Equipment  Installation,  First  Rim  Products,  and 
Systems  and  Procedures  Installation, 

During  this  time  period,  many  companies  reported  excellent  results 
using  PERT/CPM,  saving  millions  of  dollars  (Ref  7(20*22;  32(896).  But 
at  the  same  time  PERT  was  coming  under  fire  as  being  too  rigid  and  In- 
flexible to  apply  to  all  systems,  and  as  having  many  pitfalls  that  un- 
wary managers  were  falling  into  in  Increasing  numbers  (Ref  16:9).  PERT/ 
COST  in  particular  began  to  bo  criticised  widoly,  and  Its  use  eventually 
declined,  in  part  due  to  the  adoption  of  the  criteria  approach  by  the 
000,  wherein  standards  for  acceptable  maiwgeraent  systems  were  set,  and 
PERT  was  no  longer  required  for  contractors  (Ref  7(36;  14(53).  Since 
that  time,  PERT/ COST  seems  to  have  bean  used  very  little,  while  systems 
accomplishing  essentially  the  some  thing,  but  not  called  PERT/COST, 
have  been  in  use. 

gflft/CRA  in.  ttw  How  much  these  two  analytical  tech- 

niques are  used  in  industry  today  is  not  apparent  from  the  literature. 
Nor  is  it  apparent  to  what  extent  they  have  been  used  in  the  past.  Some 
conclusions  can  be  drawn  from  the  surveys  above.  For  instance,  of  the 
corporations  using  PERT/CPM  in  construction,  a good  many  were  probably 
using  CDS  and  CRA.  Construction  has  traditionally  lent  itself  well  to 
time-cost  trade-offs  for  obvious  reasons.  Research  and  development,  on 
the  other  hand,  probably  was  not  using  the  analytical  methods  to  the 
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extent  that  the  construction  Industry  was.  Aside  from  these  generaliza- 
tions, there  are  a few  other  conclusions  that  can  be  drawn  from  the 
literature. 

Typical  PERT/COST  and  early  PERT  publications  used  some  applica- 
tions in  their  text  and  report  examples,  but  they  were  at  a low  level  of 
sophistication,  providing  only  a framework  within  which  a manager  could 
implement  his  own  heuristic  assignment  rules  (Ref  36t22-25),  More 
sophisticated  examples  can  be  found  in  many  textbooks,  particularly 
mote  recent  ones  (Ref  6,  12,  17),  These  examples  may  be  based  on  facts, 
but  have  been  adapted  for  the  teaching  role.  Hie  same  was  found  true 
for  the  outlines  designed  to  be  used  to  teach  a PERT/CPM  course  (ftof  27). 
Occasionally,  an  article  or  paper  may  be  found  whero  the  author  uses 
concrete  examples  to  illustrate  his  theoretical  points  (Ref  29). 

For  the  most  part  then*  Information  on  CQA  and  CRA  use  remains 
based  on  speculation  or  inference.  On  the  other  hand,  theory  about  CDA 
and  C?A  abounds.  An  informal  survey  of  texts  in  the  fields  of  Operation 
Research,  Production  Management  and  Industrial  Engineering  revealed  that 
23  of  29  texts  examined  contained  a section  on  network  management  which 
included  theory  about  CUA  and/or  CRA,  The  following  chapters  will  re- 
port on  an  Investigation  of  the  use  of  PERT/CM,  CtA,  and  CKA  in  the 
aeroBpace  Industry,  both  government  and  private. 
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Cnc  of  the  research  objectives  of  this  paper  is  to  determine  to 
what  extent  PliKI'/ClM  is  being  used  today  in  the  aerospace  Industry. 

Tti is  chapter  presents  the  results  of  114  contacts  made  with  potential 
PERT/CEM  users  in  the  military  and  private  industry.  A summary  of  the 
results  of  these  interviews  is  presented  in  Tables  I through  XIV.  In 
surveys  done  by  others  (which  were  discussed  earlier  in  this  paper)  many 
industries  were  examined  to  determine  their  use  of  PERT/CR-i.  This  paper 
concentrates  on  one  particular  industry  to  determine  the  pattern  of  use 
of  PURT/cm  and  CQA/CRA.  In  addition  to  use  or  non-use  of  PERT/CPM, 
this  chapter  also  contains  information  ont  type  of  method  used;  the 
extent  to  which  PERT/CJM  is  used  in  each  organization;  type  of  project 
used  on;  experience  and  training  of  Individuals  interviewed;  availability 
and  use  of  computers;  and  the  opinions  of  those  Interviewed  about  the 
usefulness  of  PERT/CPM. 

dmUiaOi  at  Atr,  ,fregft.yuiiaui«i 

Dioro  are  same  basic  functional  and  organizational  differences  be- 
tween the  Air  Force  and  industry  which  prevent  a joint  discussion  of 
some  areas  of  PERT/CIM  use.  For  this  reason,  PERT/CEM  usage  rate,  type 
of  method  used,  and  frequency  or  modo  of  operation  will  be  treated 
separately.  The  remaining  topics  of  experience  and  training,  avail- 
ability and  use  of  computers,  and  user  assessment  of  PERT/CFM  useful- 
ness will  be  treated  jointly. 
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Forty-eight  Air  Force  organisations  were  contacted,  and  PERT/CIW 
use  information  was  obtained  from  all  of  them.  Air  Force  organizations, 
unlike  Industry,  can  be  aggregated  into  large  functional  areas.  The 
distribution  of  contacts  made  in  this  study  was  as  follows: 

Air  Force  Systems  Command  (AFSC) 


Aeronautical  Systems  Division  (ASD)  20 

AF  Wright  Aeronautical  Laboratories  5 

AF  Human  Resources  Laboratory  • 1 

6570th  Aerospace  Medical  Research  Laboratory  1 

Wright-Patterson  AFB,  Ohio 

Space  and  Missile  Systems  Organization  (SAMSO)  10 

Los  Angeles  AFS,  California 

Llectranic  Systems  Division  (USD)  9 

Hans com  AFB,  Massachusetts 


Air  Force  Loglstlos  Cacmand  (AFLC) 

Air  Force  Acquisition  Logistics  Division  (AFALd)  ....  1 

Wright-Patterson  AFB,  Ohio 

Air  Force  Audit  Agency  (AFAA) 

ASD  Audit  Office  1 

Wright-Patterson  AFB,  Ohio 

For  a complete  List  of  organizations  contacted,  consult  Appendix  A. 

Those  organizations  are  not  meant  to  be  an  exhaustive  list  of  PERT/cfM 
users,  but  rather  a representative  samplo.  Because  of  its  proximity  to 
the  Air  Force  Institute  of  Technology,  ASD  was  given  moro  thorough  treat- 
ment ttian  other  organizations,  but  tho  usage  pattern  and  percentage  are 
believed  to  bo  consistent  In  similar  organizations  regardless  of  geo- 
graphical location. 

While  contacting  individuals  in  an  organization,  every  effort  was 
made  to  obtain  a complete  interview  from  those  who  wore  currantly  using 
PERT/CPM.  Tho  structured  interview  format  in  Appendix  C was  used  for 
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this  purpose.  In  only  five  of  18  organizations  currently  using  PERT/CM 
was  this  not  possible.  In  addition,  five  individuals  who  had  used  PERT/ 
CM  In  the  past  were  Interviewed,  os  well  as  three  who  reported  the 
definite  Intention  to  use  It  In  the  future,  and  one  por:on  who  found 
PERT/CM  completely  unsuitable  In  hls  area  of  responsibility.  This 
made  total  of  22  individuals  interviewed  who  were  employed  by  the  Air 
Force  in  aerospace  acquisition  managonent.  Appendix  B is  a listing  of 
individuals  interviewed,  categorized  by  Air  Force,  industry,  and  PERT/ 

CPM  vendors. 

PERT/ CM  Usane.  Of  the  48  Air  Force  organizations  contacted,  18 
were  currently  using  some  form  of  PERT/CPM  for  management*  Five  organi- 
zations reported  having  used  PERT/CPM  In  the  past,  but  they  were  not 
using  it  currently.  There  were  25  organizations  not  using  any  form  of 
PERT/CPM*  Table  I shows  these  figures,  and  the  fact  that  38  percent  of 
the  organizations  contacted  in  the  Air  Force  are  currently  using 
PERT/CPM. 

The  extent  to  which  the  18  using  organizations  utilized  PERT/CPM 
vat  led  considerably.  About  half  had  a rather  largo  and  complete  network 
management  system  implemented*  The  remainder  used  PERT  to  a markedly 
leaser  extent*  iho  large  network  systems  are  characterized  by  a standard 
reporting  system  extending  throughout  the  organization,  and  at  loaat  one 
staff  member  dedicated  solely  to  the  creation/updato  of  activities  in 
the  network.  A management  consultant  firm  is  often  utilized  under  con- 
tract to  the  organization  os  the  operator  of  the  systam,  and  the  con- 
sultant firm  usually  owns  the  software  being  used  to  maintain  the  net- 
work on  the  computer.  These  owners/oporature  of  PERT/CPM  system 
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Table  I 


PERT/CFM  Usage 


Military* 

Industry 

pert/cpm 

Vendor 

F^1  ■ — 

Total 

Organizations  Contacted 

48 

60 

6 

114 

Information  Received 

43 

51 

6 

105 

Currently  using  PERT/CIM 

18 

24 

6 

48 

Past  user  of  PERT/CIM 

5 

4 

- 

9 

Not  now  using  PERT/CIM 

25 

23 

- 

48 

Interviews  Conducted 

23 

26 

6 

57 

Currently  using  PERT/CIM 

14 

24 

6 

44 

Past  user  of  PERT/CFM 

5 

4 

m 

9 

Never  used  PERT/CIM 

4 

0 

•a 

4 

Percentages  of 

Information  Received 

Currently  using  PERT/CFM 

33% 

47% 

100% 

46% 

Past  user  v,f  PERT/CIM 

10% 

8% 

m 

9% 

Not  now  using  PER'l'/CIM 

52% 

45% 

m 

46% 

♦Includes  one  U,  S.  Army  Corps  of  Engineers  construction  project. 
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software  ire  what  have  been  called  PERT/CIM  Vendors  In  this  papor. 

Those  Vendors  and  tholr  systems  will  be  described  further  In  a follow- 
ing section. 

The  other  half  of  PERT/CFM  users  In  the  Air  Force  sample  are  small, 
often  one  man  operations.  These  networks  are  usually  on  the  order  of  at 
most  300  activities.  Two  were  maintained  manually,  while  the  remainder 
were  computerized.  Typically,  the  manager  using  a small  PERT/CIM  net- 
work has  had  some  prior  experience,  either  practical  or  academic,  with 
networking.  The  computer  program  used  with  these  smaller  networks  is 
generally  simpler  than  is  the  case  with  the  larger  systems,  and  in  no 
case  contained  any  provisions  for  CDA  or  CRA. 

Type  of  Method  Used.  The  actual  method  used  by  oach  respondent  wa3 
determined,  and  is  presented  in  Table  II,  PERT  was  the  most  common 
response,  followod  by  CPM.  These  distinctions  were  drawn  by  the  usors, 
not  the  Interviewer.  Mo  specific  attempt  was  made  to  determine  whether 
one  or  three  time  estimates  were  used,  nor  whether  Activlty-an-Arrow  or 
Actlvlty-on-Node  networks  were  in  use.  In  the  course  of  some  Interviews, 
It  became  apparent  thui  some  respondents  wore  using  one  tlmo  estimate, 
yet  calling  tho  toclinlque  PERT.  In  this  research,  the  position  is  taken 
that  the  distinctions  between  PERT  and  cm  have  become  blurred  over  the 
years,  and  tho  empirical  evidence  seems  to  support  that  position.  Tho 
othor  methods  listed  In  Table  II  are  specific  computer  programs  used 
by  some  of  tho  organizations  Interviewed.  Those  programs  aro  bellovod 
to  be  representative  of  the  various  othor  PERT/CIM  programs  available, 
SNAP  has  already  boon  described  In  Chaptor  II  of  this  papor.  RdS  IV 
will  be  discussed  under  tho  industry  analysis  section  in  this  chaptor. 
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Mark  III,  Concord  11,  and  Oscar  will  bo  discussed  In  tne  section  of 
this  chaptor  dealing  with  PERT/CPM  Vendors. 


Table  11 

Type  of  Method  Used 


Air  Force 

Industry 

Vendor 

PERT 

9 

17 

CPM 

1 

7 

PERT  & CPM 

1 

3 

IMS  IV  (IBM) 

Mark  III  (Program  Control  Corp) 

5 

1 

3 

Concord  II  (Concord  Industries  Inc.) 

1 

1 

SNAP  (Computer  Sciences  Corp.) 

2 

1 

EXPERT  (Systonetlcs  Inc.) 

OSCAR  (On-Line  Systems  Inc.) 

3 

1 

Total 

22 

28 

6 

EXPERT  (pronouncod  "Easy  PERT")  Is  strictly  speaking  not  a PERT 
program,  but  a collection  of  plotting  routines  designod  to  bo  usod  in 
conjunction  with  a standard  computer  PERT  package.  The  package  used  at 
Wrlght-Pattorscn  AFli  Is  the  CDC  PERT-TIME  program.  Output  from  this 
program  can  be  channeled  to  EXPERT,  whlMi  produces  the  desired  network 
plot  on  a computer  driven  plotter  such  as  a CAX’UMP  plotter.  There  Is 
a distinct  Improvement  in  the  roadability  of  a graphic  display  of  a 
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network,  as  conpored  to  a computer  line  printer  output.  Other  such 
FRRT  plotting  routines  exist,  and  one  of  thoso,  callod  NETPI^T,  is  also 
in  use  at  Wrigiit-fk.ttorson  AFB  and  elsewhere  in  the  Air  Force. 

Air  Force-contractor  interface.  There  are  several  different  ways 
in  which  Air  Force  PERT/C1W  networks  can  bo  croated  and  maintained.  The 
networks  can  bo  r.-'loly  Air  Forca  created  and  maintained  whore  the  infor- 
mation is  derived  from  required  contractor  reports.  Original  networks 
may  be  created  by  a contractor,  then  the  Air  Force  can  maintain  them. 

A contractor  may  create  and  maintain  a network,  providing  Information 
copies  to  the  Air  Force.  The  first  option,  an  Air  Force  created  and 
maintained  network,  is  being  used  by  10  of  13  Air  Forca  organisations 
currently  using  PER'l'/cPM.  One  organization  monitors  contractor  created 
and  maintained  networks,  and  the  remaining  two  organizations  maintain 
contractor  created  networks.  In  the  context  above,  contractor  means  the 
major  or  prime  contractor  for  the  program,  as  opposed  to  a management 
consultant  typo  contract  in  which  the  PERT  network  may  bo  croatod  and 
maintained  for  tho  Air  Forco  under  contract  with  a PEKT/CIW  Vendor. 

There  is  anotuor  typo  of  operation  which  was  not  found  to  bo  used 
in  tho  sample  of  organizations  in  this  study,  tho  joint  Air  Force- 
Contractor  notwork.  Thoso  typos  of  networks  wore  in  use  previously, 
but  were  apparently  abandoned  as  a viable  method.  In  a joint  network, 
olthor  party  may  create  or  modify  activities  or  whole  notworks.  In  one 
organization  which  had  previously  used  Joint  notworks,  the  problem  was 
suntnod  up  as  one  of  documentation.  One  party  would  make  changes  without 
tho  other's  knowledge,  causing  considerable  problems  (Hof  37:108). 
Apparently  close  cooperation  between  the  Air  Force  and  a contractor  lias 
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its  limits,  since  now  almost  all  Air  Force  networks  are  created  and 
maintained  solely  by  the  Air  Force. 

Analysis  of  industry  utilisation 

Sixty  organ l za t ions  were  contacted  in  private  industry,  and  re- 
sponses were  obtained  front  51.  The  nine  non-responding  organizations 
wore  so  for  various  reasons,  most  commonly  this  investigator's  inability 
to  circumvent  various  bureaucratic  snarls.  Some  organizations  ware 
quite  secretive  about  their  management  practices,  and  others  practiced 
a circular  version  of  pass  the  buck. 

In  the  case  of  five  corporations,  it  was  necessary  to  contact  more 
than  one  division  to  get  complete  Information.  This  occurred  in  com- 
panies with  decentralized  control  functions  in  which  no  person  at  the 
corporate  level  was  knowledgeable  enough  about  the  PERT/CFM  use  of  the 
various  aerospace  divisions  in  tho  company.  Appendix  A lists  organiza- 
tions contacted,  with  notation  of  their  PERT/CPM  and  CHA/CRA  use  or  non- 
use. 

In  the  51  organ izotioius  from  which  information  was  obtained  28  In- 
terviews were  conducted.  Current  useru  'ere  24  of  these  28,  while  the 
remaining  four  were  past  users  of  PERT/CIM.  Appendix  B contains  a 
listing  of  individuals  Interviewed. 

PSRT/CFM  Usape.  Table  I shows  tho  breakdown  of  PERT/CIM  users  In 
Industry,  and  hov  they  compare  to  military  organizations.  The  47  per- 
cent use  of  PERT/Cfli  in  industry  appears  to  bo  somewhat  larger  than  tho 
38  percent  use  of  PERT/CIM  by  the  military.  This  Is  believed  to  be  a 
true  roflec  Ion  of  reality,  and  in  fact  may  be  more  pronoimced  when 
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only  larger  privata  Industry  organizations  are  considered.  In  order  to 
obtain  the  broad  spectrum  of  opinion  and  sample  various  types  of  organi- 
zations, sene  smaller,  local  firms  wore  Included  in  the  sampled  organi- 
zations. Those  smaller  firms  were  typically  employing  less  than  50 
people,  and  were  locally  owned  and  operated.  Six  such  firms  wore  con- 
tacted, and  only  one  Is  using  PERT/CFM.  When  these  six  organizations 
are  excluded,  the  PERT/CFM  use  percentage  increases  to  51  percent.  Thin 
percentage  Is  believed  to  be  a more  reasonable  figure  to  compare  to 
military  organizations,  since  the  sizes  of  the  organizations  being  com- 
pared are  better  matched.  An  analysis  of  P£RT/C±ti  users  by  size  was 
rejected  because  of  the  diff’culty  of  suitable  criteria  for  grouping. 

Tvoe  of  Method  Used.  Table  II  lists  the  industry  responses  con- 
cerning methods  being  used*  The  comments  made  about  the  military  re- 
sponses arc  also  true  of  the  industry  responses,  that  is,  they  are  user 
perceptions  of  what  his  organization  is  using  as  a technique.  Some 
small  manual  networks  wore  being  used  by  individuals  in  same  companies, 
but  these  three  users  woro  a minority.  The  majority  of  the  using  organi- 
zations used  automated  techniques,  but  the  extent  of  application  varied 
from  simple  time-only  CIV  networks  to  large  complex  systems  with  costs 
and  resources  Included. 

Grumman  Aerospace  Corporation  uses  a management  system  designed  by 
IBM  called  the  Program  Management  System  IV  (PMS  IV).  This  package  con- 
sists of  four  modulos  or  processors*  Network  Processor;  Report  Pro- 
cessor; Res o< tree  Allocation  Process or;  Coat  Prooessor.  Together  these 
processors  moke  u complete  networx  management  system,  including  all 
aspects  of  PERf/COST.  The  Cost  processor  has  provisions  for  establishing 
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tlmo-coet  relationships  for  various  functional  activities  based  on 
step,  linear  or  non- linear  functions.  Unfortunately,  no  provision  is 
made  for  Cost  Duration  Analysis  (Ref  18:20-21).  The  Resource  Alloca- 
tion Processor  does  perform  Critical  Resource  Analysis  functions,  in- 
cluding both  resource  leveling  end  resource  scheduling.  The  technique 
used  by  this  processor  Is  the  serial-parallel  allocation  procedure,  in 
which  activities  are  started  as  soon  as  possible  when  resource  con- 
straints allow.  If  restrictions  exist  on  resources  which  prevent  acti- 
vities from  starting  as  soon  as  possible,  then  selected  priority  rules 
are  applied.  Up  to  three  of  these  rules  may  be  used  in  combination, 
and  the  user  may  select  from  a list  of  seven  of  these  heuristic  allo- 
cai ion  rules  (Ref  18:26-31). 

Although  lacking  CDA,  IMS  IV  still  remains  an  excellent  Management 
system.  No  specific  data  was  obtained  on  the  coats  to  use  FMS  iv,  but 
the  complexity  of  e full  system  of  all  four  processors  leads  one  to 
believe  it  might  be  substantial.  Quite  a few  other  network  management 
systems  are  available,  with  varying  degrees  of  complexity  end  hence  cost, 
A summery  of  these  programs  was  published  in  July  1976,  including 
several  others  with  CQA  and/or  CRA  (Rof  22:11), 

How  Often  PERT/ cm  Appllad.  Each  private  industry  user  of  PERT/ 

CPM  was  asked  how  often  this  technique  was  used  in  his  organization. 

The  responses  to  this  question  ere  sianerlted  in  Table  III,  The  most 
interesting  figure  in  this  table  is  the  almost  30  percent  who  reported 
being  required  to  use  networking  on  same  government  contracts,  or  by 
same  oommerciel  customers.  PERT  has  not  been  required  an  all  Defmee 
Acquisition  contracts  for  over  10  years,  but  apparently  it  is  being 
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required  by  a substantial  number  of  managers  in  the  position  to  dictate 
its  use.  This  was  confirmed  by  two  Air  Force  organizations,  one  quite 
large  and  ono  smaller,  which  require  the  use  of  networking  on  all  con- 
tracts. 


Table  III 

How  Often  PERT/ CRi  Applied 


How  often  PERT/CRI  is  applied  by  private  industry  firms  reporting  the 

uso  of  PERT/CPM 

Every  Project 

3 

13% 

Normally 

10 

42% 

Occasionally  or  an  exception  basis 

4 

17% 

When  required  to  by  c an tract/cua tamer 

7 

29% 

Total 

24 

100% 

Of  the  threo  organizations  who  roported  use  an  every  project,  only 
one  nirumnan)  uses  a large,  complete  networking  system.  Another  is  e, 
large  aerospace  accessory  manufacturer  in  which  CR1  is  used  by  all 
project  managers.  The  Last  is  a small  local  aerospace  operation  which 
makoa  extensive  use  of  CFM. 

The  organizations  reporting  normal  use  of  PERT/CRi  indicated  use 
on  'taost"  or  "almost  all"  projects.  Generally  use  was  up  to  the  project 
manager,  but  often  central  planning  and  control  groups  were  available  to 
assist  him,  particularly  with  computer  applications  of  networking. 
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'Che  occasional  users  mentioned  using  PERT/CIM  on  a few  projects, 
generally  only  their  largest  ones.  These  usors  expressed  no  knowledge 
of  any  requirements  to  use  PERT/CIM  on  any  projects.  This  is  as  opposed 
to  the  users  required  to  apply  PERT/CIM  by  -natract/custoraor,  who  were 
obviously  also  occasional  users  of  PERT/CIM,  but  were  using  it,  at  least 
in  some  cases,  Orly  because  they  were  being  forced  to  do  sc. 

lvt>«  of  rrolect  Used  On 

In  Chapter  II,  surveys  were  reviewed  which  indicated  PERT/CIM  use 
an  many  types  of  projects,  but  Research  and  Development  (R&D)  and  con- 
struction were  the  major  areas.  While  limited  in  this  paper  to  aero- 
space industries,  two  construction  uses  of  PERT/CIM  will  be  mentioned 
for  purposes  of  comparison.  First,  however,  the  aGrci^ace  uses  shown  in 
Table  IV  will  be  outlined  briefly, 

» 

Table  IV 


Type  of  Project  PERT/CIM  Used  On 


Air  Force 

Industry 

Total 

Research  end  Development 

20 

26 

46 

Production 

0 

1 

1 

Auditing 

1 

0 

1 

Construction 

1 

0 

1 

Mot  Specified 

0 

1 

1 
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Not  surprisingly,  the  vast  majority  of  aerospace 


applications  were  in  the  area  of  R&D.  Inherent  in  today's  aerospace 
Industry  is  a need  for  large  amowts  of  R&l),  and  PERT  had  Its  beginnings 
in  this  area  as  well.  Table  IV  shows  that  of  50  organisations  inter- 
viewed in  the  aerospace  area,  46  were  using  FERT/CPM  in  the  R&D  field. 
Only  one  firm  reported  use  in  production,  and  this  was  a small  local 
operation.  This  firm  acknowledged  that  the  use  of  CFM  in  production 
was  not  ideal,  but  the  coat  of  a separate  production  oriented  system 
such  as  Line-of-Balance  would  be  prohibitive. 

An  Interesting  application  of  PERT  was  found  in  the  auditing  field. 
Planning  audita  can  be  quite  a complex  task,  and  the  Interrelationships 
of  schedule  and  personnel  problems  can  be  represented  by  a PERT  network 
quite  wall.  An  article  documenting  some  auditing  applications  of  PERT 
has  been  published  (Ref  24),  and  the  individual  who  was  Interviewed  for 
this  paper  is  planning  to  implement  a PERT  network  in  his  area  of  re- 
sponsibility. 

A word  of  explanation  is  necessary  about  the  construction  use  of 
PERT/CPM  included  In  the  aerospace  area  uses  of  PERT/CPM.  This  applica- 
tion is  for  the  design,  building,  and  installation  of  equipment  in  the 
Compressor  Research  Facility  at  Wrlght-Patterson  AFB,  The  management 
of  this  effort  la  under  the  control  of  an  aerospace  organisation,  the 
Aeronautical  Propulsion  Laboratory.  The  personnel  involved  have  had 
extensive  experience  in  aerospace  management,  and  the  techniques  being 
used  are  more  closely  related  to  those  being  used  elsewhere  in  the  aero- 
space area  (Ref  37il4).  For  these  reasons,  this  construction  applica- 
tion of  PERT/CPM  has  bean  Included  in  the  aerospace  area.  It  is  in 
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reality  an  aerospace  organization  managing  the  acquisition  and  Installs* 
tlon  of  equipment  for  a new  and  complex  research  facility,  and  cannot 
fairly  be  compared  with  the  construction  of,  say,  an  office  building. 

Construction  Area.  In  addition  to  the  aerospace  related  construc- 
tion above,  one  other  construction  PERT/CPM  user  was  Interviewed.  The 
construction  project  In  question  is  in  Lima,  Ohio  and  Involves  over  40 
million  dollars  administered  by  the  U.  S.  Army  Corps  of  Engineers,  The 
Corps  is  integrating  contractor  for  the  building  of  a new  plant  for  the 
construction  of  the  Army's  new  battle  tank.  CPM  is  uaed  extensively  by 
the  Corps  on  this  project,  and  la  a contractual  requirement  for  all 
participating  private  Industry.  Mo  CDA  or  CRA  la  in  use  now,  although 
prior  uae  of  CRA  on  a different  project  was  mentioned.  The  Interesting 
thing  about  this  application  of  CM  Is  that  it  differs  In  no  appreciable 
way  from  many  In  tha  aerospace  industry.  Construction  and  R&D  applica- 
tions have  In  the  past  been  thought  of  as  different  types  of  network 
management,  but  the  evidence,  albeit  based  on  only  two  conetruction 
projects.  Indicated  that  there  may  now  be  little  if  any  difference. 

This  tendency  has  also  bean  accentuated  by  the  use  of  well  Integrated 
network  management  systems  (such  as  IBM's  PMS  IV)  by  the  aerospace  In- 
dustry. Hie  Impetus  behind  such  s tendency  Is  thought  to  be  the  transi- 
tion awsy  from  the  time  critical  management  period  of  the  1960'b  to  the 
more  resource  critical  management  period  of  the  1970's.  It  appears  that 
aerospace  may  have  gained  from  the  construction  Industry  in  the  knowl- 
edge of  effective  means  of  resourct  planning  and  control. 
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Experience  and  Training 


Six  questions  asked  In  each  interview  dealt  with  the  experience  of 
the  organization  or  individuals'  training  in  PERT/CPM.  The  results  are 
presented  in  Table  V,  categorized  by  A*,  force  and  Industry* 

Experience.  There  is  a gap  of  ov.n*  six  years  between  the  personal 
experience  of  Air  Foroo  and  industry  users.  This  gap  is  believed  to  be 
the  result  of  personnel  turnover  in  the  Air  force , and  generally  reflects 
the  younger  work  foroa  in  thn  Air  Force  in  comparable  positions  of  re- 
sponsibility. The  gap  between  organizational  experience  in  the  Air  Force 
and  induotry  is  more  than  likely  a reflection  of  the  personal  experience 
gap.  This  could  came  about  beeauaa  of  the  aelf-roported  nature  of  this 
information,  since  the  less  experienced  Air  Force  personnel  would  be 
likely  to  hAve  less  than  completely  accurate  ideas  of  how  long  their 
organizations  had,  in  fact,  been  using  PERT/CPM. 

Training.  The  type  of  training  received  also  ref loots  the  younger 
Air  Foroe  managers,  with  the  larger  number  of  Air  Force  users  having  had 
college  courses  with  PERT/CPM  than  had  the  industry  managers.  Industry 
users  seem  to  have  had  more  formal  organizational  training  and  on  the 
job  training  than  Air  Force  users.  However,  checking  the  correlation 
between  formal  organization  training  and  whether  the  course  is  still 
offered,  only  two  of  the  industrial  users  who  have  had  the  training  say 
tho  the  courses  are  still  being  offered.  Another  noticeable  difference 
Is  the  hours  of  formal  training  received.  The  average  number  of  hours 
for  current  users  in  industry  is  much  higher  than  for  the  Air  Force. 

Theso  differences  point  out  that  whan  industry  did  provide  PERT/CPM 
training,  It  provided  more  than  tho  Air  Force,  and  that  tho  Air  Force 
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Table  V 


Experience  and  Training  of  Current  PERT/CK1  Users 


Air  Force 
(n-13) 

Industry 

(n-24) 

Average  organisation's  experience 

In  years,, 

with  range  In  parentheses 

9.7(1-18) 

13.4(2-19) 

Average  personal  experience 

In  years, 

with  range  In  parentheses 

5.2(1-15) 

11.4(2-18) 

. 

Type  of  training  received 

(number  of  times  mentioned) 

Undergraduate 

4 

0 

Postgraduate 

6 

4 

Formal  organisational 

1 

9 

On  the  Job  training  (OJT) 

8 

23 

Average  amount  of  training  received 

In  hours, 

with  range  In  parentheses 
(OJT  not  included) 

9.6(6-30) 

16.6(6-30) 

Average  years  since  last  training, 
with  range  In  parontheses 
(OJT  not  Included) 

5.1(1-13) 

10.8(3-16) 

Course  taken  (or  similar  course) 
still  offered? 

yOS 

9 

5 

no 

0 

8 

isicortain 

1 

0 

not  applicable  (OJT  only) 

3 

11 

4 1 


has  now  come  to  roly  more  heavily  on  academic  training,  rather  than 
formal  organizational  training. 

Availability  and  u?<a.  of  Computers 

While  the  use  of  a -tomputer  is  not  a necossity  for  any  PERT/CPM 
network,  networks  of  any  size  can  quickly  become  quite  cumbersome  to  do 
manually.  Three  separate  questions  about  computer  use  were  asked  during 
each  Interview  to  obtain  the  full  information.  Questions  were  asked  to 
dotermlne  computer  availability,  PERT/CPM  program  availability,  and 
whether  the  program  was  being  used.  Table  VI  presents  the  responses  to 
those  questions  for  current  PERT/CR1  users.  All  Air  Force  users  had 
both  computer  support  and  a PERT/CPM  program  available,  although  one 
individual  was  uncertain  of  this.  Only  throe  Air  Force  current  users 
of  PERT/CPM  wore  not  using  computer  support.  Of  current  industrial 
PERT/CPM  users,  two  had  no  computer  support  available.  Fivo  industrial 
users  had  a computer  available  but  no  PERT/CPM  program,  and  one  was  un- 
certain. Three  additional  Industrial  users  were  not  making  uao  of  an 
avallablo  program,  for  a total  of  eleven  Industrial  PERT/CRl  users  who 
wore  using  a manual  system.  Thero  aro  46  percent  of  industrial  t«sars 
who  manually  creato  and  update  networks,  while  only  23  percent  of  Air 
Force  managers  using  PERT/CPM  do  this.  Perhaps  the  difference  can  be 
explained  oy  the  availability  of  Air  Force  computing  support,  since  an 
Air  Force  manager  has  to  worry  little,  il.  any,  about  the  cost  of  such 
computer  support  to  his  projoct. 

m2 


Table  VI 


Computer  Availability  and  Utilization 
by  Currant  PERT/CR-i  Users 


Air  Force 

Industry 

Computer  support  sva liability 

Yes 

13 

22 

No 

0 

2 

PERT/CIH  program  availability 

Yes 

12 

16 

No 

0 

3 

Uncertain 

1 

1 

Computer  unavailable 

0 

2 

Currant  uso  of  PERT/CPM  program 

Yes 

10 

13 

No 

3 

3 

Program  unavailable 

0 

8 

At  many  major  military  aerospace  acquisition  organizations,  tho 
actual  day  to  day  operation  of  network  management  systems  is  being  done 
by  private  organizations  under  oontraot  to  the  government.  Those  con- 
tractors arc  known  by  many  names,  but  'hnanagement  consultants"  Is  a 
frequently  used  generic  term  for  them.  They  have  been  called  PERT/CIW 
vendors  in  thlu  paper  to  differentiate  than  from  other  types  of  manage- 
ment consultants,  but  also  to  make  it  clear  that  most  of  them  ore  also 
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selling  the  government  a product,  generally  a software  package.  Repre- 
sentatives from  four  such  organizations  were  interviewed,  totaling  six 
interviews  In  all.  All  four  systems  have  features  which  make  them 
better  than  any  other,  according  to  the  Individuals  interviewed.  This 
has  soma  truth  in  it,  since  each  has  some  redeeming  features,  and  thore 
is  no  one  system  which  stands  out  among  the  rest.  Three  make  claim  to 
bolng  interactive,  to  varying  degrees.  All  have  the  capability  to  track 
costs  and  other  resources,  but  none  has  the  ability  to  optimize  as  in 
the  classical  type  of  CDA  or  CRA.  The  display  of  networks  varies  some- 
what, but  SNAP  (described  in  detail  In  Chapter  II)  has  the  ability  to 
display  networks  m a graphics  equipped  Cathode  Ray  Tube  (CRT).  Thin  is 
a distinct  advantage,  giving  a manager  quick  and  oasily  visible  food- 
back  on  changes.  This  feature  oan  lead  to  oasily  implemented  heuristic 
typo  CDA  or  CRA,  Two  other  systems  oan  use  CRT's  for  input  or  output, 
but  not  for  graphic  displays  of  a network.  Non-CRT  displays  of  networks 
include  a bar  chart  format  which  also  indicates  all  interrelationships, 
and  a classical  computer  produced  network  diagram.  Specific  Information 
on  any  of  those  methods  can  bost  be  obtained  from  tho  vendors  themselves, 
1 is tod  in  Appendix  A. 

because  of  the  obvious  bias  which  these  vendors  have  toward  PERT/ 

CPU  systems,  they  have  boon  excluded  from  consideration  in  much  of  the 
foregoing  analysis,  and  will  be  explicitly  Identified  and  corrected  for 
in  tho  following  analysis  oL’  results. 

User  Assosamants  of  PERl7cm 

Each  porson  interviewed  was  asked  two  questions  about  his  opinion 
of  the  usefulness  of  PERT/CIM.  Tho  first  question  asked  about 
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usefulness  for  planning  a project,  and  the  second  ar-Lwd  about  usefulness 
for  controlling  and  scheduling  a project.  Both  questions  wore  answered 
using  the  same  numerical  scale  of  one  to  nine,  ranging  from  the  worst 
seen  or  used  to  the  best  seen  or  used.  The  text  of  the  questions  and 

the  complete  scale  used  (Scale  B)  are  found  in  Appendix  C. 

Planning  Usefulness,  The  rosults  of.  this  question  are  shown  in 
Table  VII.  The  table  Is  a copy  of  the  output  from  SPSS,  modified  only 
slightly.  The  column  labeled  "code"  Is  the  value  on  the  ono  to  nine 
scale,  and  the  absolute  frequency  column  gives  the  numbor  of  responses 
for  eaoh  code.  There  were  four  Individuals  who  declined  to  rate  PERT/ 
CPM,  indicated  by  the  atio  response"  category  label.  These  Individuals 
felt  that  they  had  not  had  enough  experience  to  fairly  ruto  the  tech* 
nlque.  There  were  six  FERT/CIM  vendors  Interviewed,  and  all  six  rated 
PERT/CIM  as  nine  for  planning,  and  also  for  controlling.  Since  these 
Individuals  are  selling  PERT/CFM  as  a business,  they  are  certainly 
biased.  The  relative  frequency  column  Includes  the  non- responses  and 
Vendors,  while  the  adjusted  frequency  colunzi  does  not.  The  statistics 
following  the  table  have  been  calculated  without  the  non-responses  and 
vendors. 

By  far  the  most  common  response  ii  that  PERT/CPM  Is  tho  best  thing 
available  for  planning,  with  70.2  percent  of  the  individuals  rating 
PERT/CPM  giving  it  th#  highest  possible  rating.  The  naan  of  the  re- 
sponses was  8.235,  and  a 95  percent  confidence  Interval  about  this  mean 
ranges  from  7.812  to  8,699. 

Controlling  Usefulness.  Table  VIII  shows  the  results  of  this  user 
assessment  of  PERT/CPM  controlling  usefulness.  The  arrangement,  scales 
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an  i statlntics  are  identical  with  those  of  Table  VII  described  above. 

The  responses  to  this  question  fall  generally  lower  than  for  planning 
usefulness,  but  28,3  percent  of  the  respondents  think  PERT/CIM  is  the 
best  method  ava* labia  for  controlling.  The  mean  of  6.348  juts  the 
average  response  somewhat  above  "a  little  better  than  the  others."  The 
95  percent  confidence  interval  about  thir  mean  ranges  from  5,676  to 
7.020,  a larger  range  than  for  planning  usefulness,  which  along  with 
the  larger  standard  deviation  of  tho  controlling  usefulness  indicates 
a greater  diversity  of  opinion  about  controlling  than  planning  useful- 
ness of  .'’ERT/CFM. 

&m#£L«L  A>r,?2Pm  ABPllsat,lm  sL Jtt&EZsm 

Information  was  received  about  PERT/CIM  use  from  105  organisations 
out  of  114  contacted.  Of  these  105,  48  were  currently  using  PERT/CIM, 
or  46  percent  of  those  from  whom  Information  was  obtained.  In  addition, 
at  least  nine  organizations  were  past  users  of  PERT/CIM,  and  All  nine  of 
these  were  interviewed.  In  all,  57  interviews  were  conducted  In  person 
and  by  telephone,  23  with  military  organl7ati>*is,  34  with  private  indus- 
try users  r vendors  of  PERT/CPM.  labia  1 shows  the  oompleto  breakdown 
of  results  of  these  contacts. 

Research  and  Development  was  the  most  caiman  type  of  project  PERT/ 
CIM  w-s  used  on  in  both  the  Air  Force  and  Industry,  with  92  percent  of 
the  users  in  this  paper  being  in  that  situation.  The  experience  and 
training  of  tho  organizations'  personnel  shows  some  significant  differ- 
ences between  Air  Porce  and  Industry,  both  in  experience  and  training. 
The  Air  Force  apparently  has  individuals  with  more  recen*  academic 
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training,  while  industry  lias  much  more  experience  and  on  the  job  train- 
ing. Six  organisations  have  computer  programs  available  but  are  not 
using  them,  and  eight  organizations  have  no  PERT/CEM  computer  program 
available  to  them,  ihe  remaining  23  current  PERT/CIW  users  are  using 
computers,  for  62  percent  computer  use  with  PERT/CFM, 

The  final  sactian  in  this  chapter  presented  the  resulta  of  the 
opinion  of  all  Individuals  interviewed  about  the  usefulness  of  PERT/CM 
for  planning,  and  its  usefulness  for  controlling  and  scheduling.  On  a 
scale  of  one  to  nine,  the  mean  for  planning  usefulness  was  8.26,  and  the 
mean  for  controlling  usefulness  was  6,35.  These  results  show  that 
managers  perceive  PERT/CEM  as  being  ei&tif icantly  more  useful  for  plan- 
ning than  for  controlling. 

Along  with  the  investigation  of  the  use  and  opinions  about  PERT/ 
CEM,  knowledge  of  ths  use  of  CDA  and  CRA  by  aerospace  managers  could  be 
useful,  questions  about  the  use  of  CQA  and  CRA  were  asked  on  all  inter- 
views, and  the  results  are  presented  in  Chapter  IV. 
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IV  Aerospace  Applications  of  CPA.  and  CRA 


sm  Jtoatlm  dnala mis, 

Slnco  CR1  was  first  developed  by  Kelley  in  the  late  1950's,  CQA 
has  been  associated  with  network  management  techniques.  CPM,  because 
of  Its  deterministic  nature,  was  associated  more  closely  with  the  con- 
struction industry  than  any  other  Industry  for  many  years.  Also, 
despite  the  basic  differences  In  structure  between  PERT  and  PERT/COST, 
CDK  has  become  associated  in  somo  manager's  minds  with  pert/cost.  These 
factors  and  other  Influences  have  caused  considerable  deferences  of 
opinion  among  managers  In  tha  aerospaos  field  ebout  the  usefulness  of 
coat  analyses  of  any  kind  associated  with  network  management  systems. 

Two  steps  are  necessary  to  Implement  CDS  In  a network.  First,  oost- 
tlme  relationships  must  be  established  for  eaoh  activity;  secondly, 
these  relationships  and  other  outside  factors  must  be  analysed  in  aome 
manner  to  obtain  an  optimum  or  near  optimum  time-cost  trade-off.  The 
first  of  these  t eps  has  bean  accomplished  in  a simplified  manner  by  « 
number  of  PKRl'/CPM  users.  This  allows  the  network  to  be  used  as  a means 
of  cost  tracking  and  control  during  project  execution,  as  opposed  to 
the  normal  pro-execution  use  of  CDA.  This  process  will  be  referred  to 
aa  coat  tracking,  and  can  be  thought  of  as  a technique  related  to,  but 
not  os  complex  as  CCA. 

gggkJasfclafc 

Cost  tracking  uses  soma  of  the  same  concepts  as  PF.RT/COST,  but  Is 
not  noarly  as  complex  sa  PERT/COST.  In  cost  tracking,  a cost  estimate 
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Is  made  Cor  each  activity  1a  the  network  resulting  In  an  overall  project 
planned  or  budgeted  cost  versus  tlma  curve*  Each  of  the  cost  tracking 
programs  has  the  capability  of  showing  budgeted  versus  actual  amounts 
spent  to  date,  either  graphically  or  in  tabular  form.  The  graphic  form 
is  often  two  coat  versus  tlma  curves  plotted  an  the  seme  graph,  which 
can  be  generated  for  the  whole  project,  or  any  sub-part  thereof.  The 
source  of  information  for  the  actual  coat  curve  varies  between  Air  Force 
and  industry  systems,  however.  The  Air  Force  assumes  a certain  percent 
of  funds  expended  based  on  the  elapsed  time  slnoe  an  activity  has 
started,  while  industry  practice  la  to  use  actual  figures  as  accumulated 
in  accounting  systems.  Of  course.  Industry  users  of  eoet  tracking  also 
have  need  for  end  regularly  uae  projaotad  figures. 

The  use  of  ooet  tracking  by  current  PERT/CPM  users  la  presented  In 
Table  IX.  There  are  one  Air  Force  and  two  industry  organisations  now 
using  coat  tracking,  for  eight  percent  use.  Three  PERT/CPM  vendors  ere 
also  using  cost  traoklng,  and  when  these  three  ere  Included,  the  total 
current  use  rate  la  14  percent.  In  addition,  two  organisations  in 
Industry  had  used  cost  traoklng,  but  no  longer  do.  While  cost  traoklng 
la  not  being  used  extensively,  its  use  does  show  that  some  managers  are 
using  PERT/CPM  networks  with  costs,  but  short  of  the  complexity  of  CDA. 

Tima-Cost  Optimisation.  The  optimisation  of  coat  versus  time  is 
really  the  central  Issue  in  CDA.  This  optimisation  was  done  by  only 
two  industry  users  of  PERT/CM,  and  three  organisations  have  used  It  In 
the  past*  There  were  no  organisations  In  the  Air  Force  sample  that 
used  CDA.  Two  PERT/CFM  vendors  were  using  CDA,  but  not  at  any  organi- 
sations interviewed  for  this  paper.  Thus,  of  43  organisations  using 
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Table  IX 


CDA,  Usage  by  Current  PERT/CPH  Users 


Air  Force 

Industry 

Vendors 

Never  heard  of  it  before 

1 

0 

1 

Heard  of  it  in  passing 

7 

4 

0 

Need  more  Information  about  't  to 

dealde  if  suitable 

2 

0 

0 

Not  suitable  for  use  In  my 

organisation 

1 

11 

0 

Will  probably  use  In  the  future-CEA 

1 

1 

0 

Have  used  It  In  the  paat 

Coat  Tracking 

0 

2 

0 

CQA 

0 

3 

0 

Now  using 

Cost  Tracking 

1 

2 

3 

CDA 

0 

2 

2 

Total 

13 

24 

6 

PERT/CPM,  leas  than  five  percent  are  using  CCA  If  vendors  ere  excluded, 
and  about  nine  percent  If  the  vendors  are  included.  This  Includes  some 
quite  large  organisations  with  large  network  management  systems.  The 
availability  of  computer  programs  for  COK  could  be  a factor  In  this, 
but  the  following  data  seems  to  Indicate  otherwise. 

CQk  Canputar  Program  Availability.  Table  X Is  a surmnary  of  the 
availability  and  use  of  CD4  computer  programs.  In  answer  to  whether 
sufficient  CQA  programs  are  available,  notice  that  two  Air  Poroe  organi- 
sations havo  COR  programs  available,  but  are  not  using  them.  If 
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industry  had  the  need  for  these  programs.  It  could  have  the  use  of  the 
programs,  since  the  tvo  are  coiancrcially  available.  It  is  reassuring 
to  note  that  there  are  no  industrial  organizations  which  have  CDA  pro- 
grams  available  and  are  not  using  thorn.  One  final  fact  is  that  five 
industrial  PERT/CIM  using  organisations  have  had  CDA  programs  available 
in  the  post,  but  no  longer  do.  Additional  caenents  received  in  inter- 
views revealed  that  two  industry  end  one  Air  Force  organizations  which 
no  longer  use  PERT/CIM  report  having  had  a CDA  program  available  and 
also  having  used  CDA.  Those  facts  all  seem  to  suggest  that  CDA  may  have 
somo  sorlous  drawbacks. 

Table  X 


CDA  Computer  Program  Availability 
by  Current  PERT/CEM  Users 


Air  Force 

Industry 

Vendors 

Program  available,  using 

Cost  Tracking 

1 

2 

3 

CDA 

0 

1 

2 

Program  available,  not  using 

Coat  Tracking 

3 

0 

1 

CDA 

2 

0 

0 

Program  not  available 

7 

13 

0 

Computer  not  available 

0 

2 

0 

Used  to  be  available 

0 

5 

0 

Uncertain 


Evaluation  of  CPA  bv  Users.  During  each  Interview,  questions  were 


asked  about  why  the  individual  was  using  or  not  using  CDA.  both  posi- 
tive and  negative  reasons  wore  recorded.  These  reasons  or  factors  for 
use  or  non-use  of  CUA  form  an  evaluation  of  the  technique,  since  they 
represent  both  sides  of  the  question.  Current  users,  past  users,  and 
those  who  had  never  used  CDA  wore  tabulated  separately,  using  the  com- 
puter technique  called  CROSSTABS,  which  is  a part  of  SPSS, 

All  responses  are  shown  in  Table  XI,  the  numbers  in  the  table  being 
the  number  of  times  the  particular  response  was  recorded*  Each  indivi- 
dual was  allowed  three  positive  and  three  negative  factors.  No  attempt 
was  made  to  fill  those  numbers  of  responses,  nor  were  any  factors 
suggested  during  Interviews,  lho  factors  tabled  are  ones  that  the  Indi- 
viduate being  interviewed  offered,  with  only  vory  minor  combinations 
for  space  and  readability.  Tho  positive  factors  of  "Got  government  con- 
tracts" and  "Eyewash"  need  a word  of  explanation.  Tho  individuals 
making  those  comments  perceived  COA  as  benofitting  them  because  of  its 
ability  to  convince  prospective  customers  that  they  had  a sophisticated 
management  system. 

For  current  COA  users,  there  wore  10  positive  responses  to  14  nega- 
tive, coming  from  nine  interviews.  However,  five  of  these  nino  Inter- 
views were  with  PER'I'/CPM  vendors  using  COA,  and  their  objectivity  is 
doubtful.  The  most  voclforous  negative  responses  came  from  those  who 
had  never  used  COA.  In  the  2B  interviews  of  the  individuals  who  had 
never  used  COA,  only  four  expressed  any  further  interest  In  CDA  by 
saying  they  might  use  it  in  the  future  or  needed  more  information  about 
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Table  XI 


CUA  Evaluation  by  All  with  PERT/CPM  Experience 


Number  of  T linos  Response  Recorded 

CQA  Use 

Current 

Past 

Never 

Total 

Positive  factors 

Fast 

5 

5 

5 

15 

Accurate 

5 

2 

6 

13 

Handles  large  amounts  of 

data 

4 

1 

4 

9 

Eyewash 

2 

1 

2 

5 

Got  government  contracts 

2 

2 

Negative  faotors 

Too  complex 

3 

3 

17 

23 

Too  expensive 

3 

3 

13 

19 

Hot  necessary 

2 

4 

11 

17 

Lack  of  acceptance 

4 

6 

10 

Slow  update 

2 

2 

4 

Needs  too  much  data 

1 

2 

3 

Inaccurate  data  used 

2 

2 

Overlaps  CSCSC 

1 

1 

2 

Makes  managers  decisions 

1 

1 

2 

Forced  to  use  it 

1 

1 

Scatters  responsibility 

1 

1 

Inflexible 

1 

1 

Meaningless 

1 

1 

Number  of  Intervlewc 

9 

8 

34 

51 

it.  Post  users  of  CQA  leaned  toward  the  negative*  with  14  negative  and 
11  positive  factors  recorded  on  eight  Interviews. 

In  summary*  the  most  often  mentioned  reasons  for  not  using  CQA 
woro  its  complexity  and  cost.  Those  who  had  positive  cocmenta  most 
often  said  CQA  was  fast  and  accurate. 
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Critical  Rob ourc o Analysis 


* 


CRA  has  also  boon  associated  with  CH4  (for  many  yoars,  and  like  CM 
Is  bo 1 loved  to  suffer  from  false  association  In  some  manager's  minds 
with  PERT/COST.  Like  CM,  CRA  may  be  vlowod  as  a two  step  process.  In 
CRA,  tho  resource  requirements  of  each  activity  muat  be  (mown,  as  well 
as  the  ovorall  resource  constraints  of  tho  project.  Those  rosourco  con- 
straints have  most  often  been  manpower  limitations,  and  only  one  other 
roBourco  was  found  used  with  CRA  in  the  investigations  for  this  paper. 
Tho  second  step  in  CRA  is  tho  allocation  of  the  limited  resources  to  the 
notwork  following  somo  heuristic  allocation  rules.  A numbor  of  tho 
organizations  contacted  did  accomplish  the  first  step  toward  CRA  of  os- 
tabllshing  tho  manpowar-tlma  relationships  for  the  network  in  use,  and 
this  has  boon  oallod  manpower  loading.  This  manpower  loading  as  used 
horo  refers  spoolflcally  to  this  operation  only  as  done  in  direct  asso- 
ciation with  a PER'i’/CFM  notwork,  and  not  tho  manpower  loading  associated 
with  nan-notwork  manpower  monagomont.  Table  XII  presents  tho  results  of 
CRA  use  by  curront  PERT/CPM  usoro. 

Manpower  Loading.  Chly  one  Air  Force  organization  is  now  using 
manpower  loading,  while  two  industry  organ'  '.ations  arc  now  using  it  and 
two  have  used  It  In  t~ho  past.  Throe  PBRT/CEM  Vendors  uro  also  using 
manpower  loading,  and  each  uses  quite  similar  computer  methods  to  dis- 
play them.  Outputs  from  thane  manpower  loading  computer  programs 
usually  toko  the  form  of  a histogram  of  manpower  use  versus  elapsed  time 
slnco  the  beginning  of  tho  projoct.  Most  users  of  manpower  loading  wero 
of  tho  opinion  that  no  further  automated  analysis  was  needed.  They 
thought  that  tho  managers  should  be  in  tho  decision  making  process  about 
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Table  XII 


CRA  Usago  by  Currant  PERT/CIM  Users 


Air  For co 

Industry 

Vendors 

Never  heard  of  it  before 

1 

0 

Heard  of  it  in  passing 

7 

3 

1 

Need  mors  information  about  it 

to  decide  if  eul table 

3 

0 

Not  suitable  for  use  in  my 

organisation 

1 

13 

Will  probably  use  It  in  the  future 

0 

Have  used  it  in  tho  pasts 

Manpower  Loading 

0 

2 

0 

CRA 

0 

3 

0 

Now  U3 lng t 

Manpower  Loading 

1 

2 

3 

CRA 

0 

1 

2 

Totals 

13 

24 

6 

resource  allocation,  and  rosloted  any  suggestion  that  a set  mothod, 
computerised  or  not,  should  tako  that  prerogative  away  from  tho  manager. 
Further  evaluations  of  why  those  users  of  manpower  loading  are  not 
Interested  in  using  CRA  are  found  in  tho  section  on  evaluation  of  CRA. 

Resource  Allocation.  Owe  the  manpower  loading  histogram  has  boon 
established,  CRA  nviy  be  accomplished  on  the  network  to  lwel  tho  histo- 
gram to  meet  a restriction  on  manpower  levels,  nils  may  or  ay  not  bo 
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possible  within  tho  original  project  duration.  If  It  Is  not,  resource 
scheduling  allocation  rules  can  bo  applied  to  keep  the  project  duration 
to  n minimum,  while  3*111  obeying  manning  restrictions,  There  wore  no 
Air  Force  organizations  using  CRA,  and  only  one  industry  user  currently 
using  CRA,  Two  PER'i/CPM  Vendors  are  using  CRA  at  present,  but  not  at 
an  organization  Interviewed  for  this  paper.  In  addition,  throe  industry 
users  of  PERf/CPM  reported  having  used  CRA  in  the  past.  From  verbal 
descriptions  of  other  CRA  computer  techniques,  they  aeom  to  follow  the 
same  format  os  the  PMS  IV  resource  allocation  processor  described  in 
tho  Industry  section  in  tho  previous  citaptar.  Since  CRA  was  used  by 
threo  organizations  in  tho  past,  they  apparently  had  computer  programs 
at  one  time, 

SM  SmUiML  Stmm  AYAlla&i?,ltY»  Table  XIII  contains  tho  results 
of  the  availability  of  aomputer  programs  for  CRA  and  manpower  loading. 
Notice,  as  in  CQA,  that  tho  Air  Force  has  CRA  and  manpower  loading 
computer  programs  available  but  is  not  using  than.  Apparently  Industry 
finds  this  economically  unwise.  Also  os  with  CDA,  If  Industry  needed  cr 
wontod  CRA  programs,  they  could  got  them,  since  there  are  at  loaat  four 
available  commercially, 

Whllo  computer  programs  certainly  are  justified  on  larger  CRA 
problems,  scino  smaller  problema  can  be  handled  with  a manual  CRA  toch- 
nlque,  A past  PISRI/CH4  and  CRA  user  reportod  good  success  with  such  a 
manual  CRA  in  scheduling  tho  dispatch  of  fuel  trucks  on  a large  govern- 
raent  flying  Installation,  Priority  rules  formed  the  basis  of  the  simple 
heuristic  assignment  algorithm  used,  and  results  wore  much  Improved 
over  previous  schemos. 
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Table  XIII 


CRA  Computer  Program  Availability 
by  Current  PERT/CIW  Users 


Air  Force 

Industry 

Vendors 

Program  available,  using 

Manpower  Loading 

1 

1 

3 

CRA 

0 

1 

2 

Program  available,  not  using 

Manpower  Loading 

3 

0 

1 

CRA 

1 

0 

0 

Program  not  available 

7 

14 

0 

Computer  not  available 

0 

2 

0 

Used  to  be  avallablo 

0 

4 

0 

Uncertain 

1 

2 

0 

Totals 

13 

24 

6 

Evaluation  of  CRA  bv  Users.  The  same  quest  ions  askorl  of  each 
Individual  Interviewed  about  CQ4  wore  naked  ..bout  CRA.  There  wore  no 
evaluations  of  CRA  by  anyone  who  had  not  used  P8.1T/CPM  boforo,  'Hie 
evaluations  aro  prosented  in  Table  XIV  In  the  same  format  as  tho  COA, 
evaluations  previously  presented.  Two  additional  nsgatlvo  factors  wore 
added  to  tho  list  for  CRA.  "Personnel  objoctions"  roferrod  to  tho 
toolings  of  tho  pooplo  being  allocated.  This  category  included  organi- 
zations which  reported  that  tholr  unions  would  not  allow  any  sort  of 
manpower  control  by  computerized  mothods.  "Always  undermanned"  Is  tho 
common  complaint  of  many  people,  but  horc  they  meant  that  being 
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Tabic  XIV 

CKA  Evaluation  by  All  with  PEIt'I'/CPM  Experience 


Number  of  Timer  Reaponr.ee  Recorded 


CRA  Use 


Positive  factors 

Accurate 

Fast 

Handles  large  amounts  of 
data 
Eyewash 

Got  government  contracts 


Negative  factors 

Too  complex 
Too  expans lvo 
Not  nocossary 
Lack  of  acceptance 
Slow  update 
Inaccurate  data  used 
Makes  managers  decisions 
Noods  too  much  data 
Overlaps  CSCSC 
Personnel  objections 
Always  undermanned 
Forced  to  uoo  lc 
Scatters  responsibility 
Inflexible 
Meaning! ass 


Number  of  Intorvlows 


undermanned  would  not  allow  C”A  to  bo  used  because  People  could  not  be 
moved  from  one  projoct  to  another.  As  before,  these  evaluations  are 
seJf-rcpoitcc  by  the  persons  Interviewed,  and  arc  their  pcrce^t-ions  of 
why  they  are  using  or  not  using  CRA.  Not  surprisingly  the  current 
users  of  CRA  list  more  positive  factors  than  negative,  while  the  oppo- 
site Is  true  for  others.  Notice  that  the  largest  number  of  mentions  of 
negative  factors  was  “too  complex'1  and  “too  expensive,"  the  same  top 
two  as  for  the  CDA  evaluation.  Also  as  with  CQA,  most  of  the  opposition 
to  CRA  conies  from  those  who  have  nover  used  it,  and  14  of  the  29  who 
fit  this  label  express  no  desire  to  know  any  more  about  CRA. 

Summary  of  Aerospace  Applications,  of  CM  and  CRA 

Hie  use  of  CUA  and  CRA  by  those  currently  using  PERT/CEM  was  inves- 
tigated, and  the  results  are  Shown  In  Tables  IX  and  XII,  respectively. 
There  were  four  organizations  using  CQA,  or  9.3  percent.  There  were 
throe  organizations  using  CRA,  or  7 percent.  Considering  CQA  and  CRA 
together,  there  were  six  organisations,  or  14  percent,  who  were  using 
a type  of  analysis  on  PERT/ CIV.  networks  which  amounted  to  a step  toward 
CQA  or  CRA,  called  cost  tracking  and  manpower  loading,  respectively. 

Threv  Air  i?orce  organisations  h3d  CQA  or  CRA  computer  programs 
available,  but  were  not  using  them.  Six  more  had  coat  tracking  or 
manpowor  loading  programs  available,  but  wore  not  using  them.  This 
situation  was  not  found  in  industry,  since  such  unnecessary  costs  are 
apparently  cwntrollid  more  closely  in  industry. 

Ccxmaents  by  those  currently  using  CQA  and/or  CRA  indicate  that 
they  arc  generally  pleased  with  it,  with  32  positive  conments  compared 
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to  25  negative  cements.  Past  users  of  CCA  and/or  CRA,  not  surprising  lj*, 
had  moro  negative  cements  about  the  techniques  than  positive  ones,  with 
13  positive  to  22  negative  responses.  Perhaps  one  of  tho  more  interest- 
ing results  of  these  evaluations  of  CM  and  CRA  were  the  responses  by 
those  who  had  never  used  CCA  or  CRA.  These  individuals  were  overwhelm- 
ingly negative  about  CCA  and/or  CRA.  There  were  only  26  positive  com- 
ments, and  110  negative  contents.  These  results,  along  with  the  others 
discussed  previously,  lead  one  to  believe  that  the  most  strenuous  resis- 
tance to  using  CCA  and  CRA  comes  from  those  who  know  the  least  about 
them.  This  state  of  affairs  can  only  be  changed  by  large-scale  educa- 
tional efforts,  tempered  by  the  knowledge  that  almost  half  of  the  people 
who  need  the  information  have  said  that  they  have  no  desire  for  more 


information 


V Summary  aid  Conclusions 


Sumaarv  pi:  Aerospace.  »gflag 

Almost  twenty  years  have  passed  since  the  first  uses  of  network 
management  systems.  These  first  networks,  PERT  and  Cl M,  have  undergone 
some  evolutionary  changes  in  that  time,  and  are  now  perceived  by  some 
authors  and  managers  as  only  slight  variations  on  the  same  central 
technique,  in  this  paper  callod  PERT/CFM.  During  this  period,  various 

supplemental  analytical  techniques  have  been  proposed  and/or  used  with  , 

the  basic  network  techniques.  Biese  supplemental  techniques  have  been 
called  many  things,  but  perhaps  most  descriptively  Cost  Duration 
Analysis  (CCA)  and  Critical  Resource  Analysis  (cra).  Another  network 

technique  related  to  PERT  but  based  on  a work  breakdown  structure  ^ 

rather  than  activity  times  was  developed,  called  PERT/COST,  Despite 

basic  structural  and  mathematical  differences,  CDA  and  CRA  seem  to  have  | 

been  associated  with  PERT/CGST,  possibly  to  the  detriment  of  CDA  and  1 

CRA,  ' 

The  literature  of  the  fields  using  these  techniques  is  quite  well  1 

stacked  with  theoretical  and  mathematical  treatments  of  PERT/CHI,  CDA, 
and  CRA.  Documentation  of  the  application  of  those  techniques,  on  the 
other  hand,  is  sparse.  In  order  to  investigate  the  use  of  PERT/CFM, 

CDA  and  CRA  in  the  aerospace  industry,  114  organizations  wore  contacted, 

48  from  the  military  and  66  from  private  industry.  Data  was  gathered 
from  105  of  these  organizations,  and  this  information  was  analyzed  to 
determine  tho  extent  of  the  actual  application  of  PERT/CPM,  CDA,  and 
CRA. 
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PERT/Cfrl  Usage.  Table  1 shows  tlio  results  of  contacts  with  the 
potential  PERl'/CPM  users.  Military  use  was  38  percent,  which  was 
slightly  lower  than  the  47  percent  for  industry.  For  the  whole  sample 
including  PERT/CPM  Vendors,  the  use  rate  was  46  percent.  Industry  hud 
a substantial  load  over  the  Air  Force  in  experience  with  PERl'/CPM, 
presumably  the  result  of  personnel  turnover  of  Air  Forco  managers.  Tho 
Air  Force,  howevor,  had  a lead  in  tho  amount  of  college  training  of  its 
PERT/CEM  users.  All  Air  Force  organizations  had  a PERT/CRi  program 
available,  but  three  individuals  chose  to  use  a manual  network.  In 
Industry,  there  wore  also  three  Individuals  using  manual  networks  when 
computers  vero  available,  but  also  eight  others  who  had  no  PERT/CFM 
program  and/or  computer  available.  This  made  a total  of  11  or  46  per- 
cent of  industrial  users  of  PERT/CPM  using  a manual  network.  An  evalu- 
ation of  the  planning  usefulness  versus  controlling  usefulness  of  PSR’l'/ 
CEM  was  made  by  53  of  tho  57  persons  interviewed.  \'ne  six  PERT/CIW 
Vendors  lntorviowod  were  excluded  because  of  bias.  Ch  a one  to  nine 
scale  with  one  being  tho  wont  and  nino  the  beat,  planning  usefulness 
got  a moon  score  of  8,3,  whila  controlling  usefulness,  on  cho  same  scale, 
got  a moan  of  6,3. 

CPA  and  CRA  Uaane.  CIA  and  CRA  wore  both  found  to  have  a step 
halfway  toward  the  full  CDA  or  CRA  technique.  For  C DA  this  analysis 
was  coiled  cost  tracking,  while  for  CRA  It  was  called  manpower  loading, 
of  current  users  of  PERT/CIM,  four  or  ‘>.3  percent  ore  now  using  CIV., 

An  additional  six  are  using  cost  tracking.  Two  CDA  programs  and  throe 
cost  tracking  computer  programs  arc  available  in  the  Air  Force,  but  are 
not  being  used.  In  an  evaluation  of  CQA,  c amplest  ity  and  cost  wore 
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cited  os  reasons  for  non-use  most  often,  while  those  using  It  most 
often  said  it  was  fast  and  accurate. 

Thera  are  only  three  individuals,  for  7 percent  of  the  current 
PERT/CIW  users,  who  are  currently  using  CRA,  Six  others  are  using  man- 
power loading.  One  CRA  program  and  three  manpower  loading  programs 
were  available  to  Air  Foroe  managers  but  were  not  being  used.  An  eval- 
uation of  CRA  by  those  interviewed  yielded  about  the  same  results  as 
CUA,  with  complexity  and  cost  again  the  leading  reasons  for  not  using 
the  technique.  For  both  CQA  and  CRA,  most  of  the  resistance  to  the 
techniques  came  from  those  who  had  not  used  them. 

The  organizations  interviewed  are  believed  to  be  a fair  samplo  of 
the  aerospace  Industry,  both  military  and  civilian.  Nonetheless, 
drawing  absolute,  conclusions  about  such  a large  Industry  from  a sample 
of  105  organizations  would  be  hazardous  at  best.  Rather,  the  following 
should  be  taken  as  reasonably  possible  interpretations  of  what  may  in 
fact  be  true. 

PERT/CTM.  Thera  has  boon  some  speculation  that  PERT  has  undergone 
some  sort  of  change  in  managers'  minds  since  It  was  first  lntroducad  in 
the  oarly  1960's.  The  evidence  gathered  in  this  research  shows  that 
PERT/CIM  is  being  used  in  slightly  less  than  half  of  the  organizations 
in  the  aerospace  industry.  This  can  be  compared  to  only  four  of 
thirteen  Air  Force  program  offices  using  PERT/CIW  in  1974  (Ref  14(67). 
This  Indicates  a considerable  degree  of  acceptance  and  success  over  a 
20  year  period.  Also,  PERT  and  CIM  may  have  blended,,  but  tho  marriage 
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appears  to  have  been  beneficial,  with  the  best  of  both  remaining  In  j 

today's  large  comp lax  notwork  management  systems  like  IBM's  VMS  IV. 

The  data  gathered  also  Indicated  a perception  of  PERT/ CPM  as  most 
beneficial  as  a planning  tool,  which  may  be  limiting  further  applica- 
tlons  by  same  managers.  1 

CPA  and  CRA.  Originally  associated  with  cm,  these  methods  became  j 

associated  with  PERT  and,  at  least  in  the  minds  of  same  managers,  with  i 

PERT/COST.  Neither  appears  to  be  very  much  in  use  in  the  aerospace 

industry*  Perhaps  they  simply  are  perceived  as  not  needed,  or  perhaps  , 

they  have  suffered  from  the  perceived  association  with  PERT/COST. 

Evaluations  of  CDA  and  CRA  by  those  interviewed  demonstrate  that  another 
reason  for  tha  small  use  rate  of  these  methods  is  the  complexity  and 

cost  of  implementation.  ^ 

Hie  promise  that  techniques  to  facilitate  making  trade-offs  among 
resources  are  not  needed  is  hard  to  believe.  Today,  more  than  ever, 
resources  of  all  kinds  are  extremely  important.  When  PERT  was  first 
Instituted  in  the  military  acquisition  field,  time  was  paramount.  The 
continued  security  of  the  country  depended  on  rapid  completion  of  several 
projects.  In  today's  military  acquisition  climate,  however,  emphasis  is 
on  cost,  and  getting  more  for  the  dollars  spent.  CDA  and  CRA  are  tech- 
niques which  are  aimed  specifically  at  minimizing  costs  or  efficiently 
using  resources,  and  so  should  be  of  more  and  more  importance  as  time 
goes  on.  The  fact  that  there  is  a solid  thooretical  base  for  these 
techniques  is  a positive  factor.  Computer  programs  implementing  these 
techniques  arc  also  available,  but  may  lack  same  refinements  simply 
because  they  have  not  had  the  boneflt  of  much  use.  Apparently  a good 
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many  managers  are  concluding  that  the  costs  (in  terns  of  personnel,  time 
and  data  gathering)  of  Implementing  those  resource- oriented  management 
systems  are  not  balanced  by  the  benefits  gained. 

Recommendations 

In  order  for  managers  to  Implement  any  system,  they  must  perceive 
that  it  will  benefit  them  to  do  so.  The  evidence  gathered  in  this 
research  indicates  that  most  managers  do  not  perceive  CQA  or  CRA  in  that 
light.  A policy  by  the  government  of  forcing  methods  like  these  on  con- 
tractors will  not  work.  An  educational  program  for  contractors  can 
have  cnly  limited  success,  since  almost  half  of  those  interviewed  ex- 
pressed no  desire  for  further  information  about  CQA  and  CRA.  In  indus- 
try, economic  incentives  must  exist  for  use  of  methods  like  these,  and 
incentives  could  bo  provided  by  the  government  In  the  form  of  contrac- 
tual requirements  for  time-cost  tradeoff  studies  and  the  use  of  resource 
allocation  procedures.  These  techniques  may  have  the  potential  to  save 
the  government  money  in  the  long  run,  and  closer  studies  of  their  appli- 
cation, in  government  and  Industry,  are  certainly  warranted. 
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Appendix  A 


Organisations  Contacted 


* 


Indira 

1.  Alllad  Technology  Inc.,  Dayton,  Ohio, 

2.  AMP  Electrosystema,  AMP  Inc.,  Vandalia,  Ohio. 

3.  ATC  Inc.,  Dayton,  Ohio. 

4.  Auto-Valve,  Inc.,  Dayton,  Ohio, 

5.  AVCO  Corp.,  Willznlngton,  Massachusetts. 

6.  Bendix  Corp.,  Avionics  Division,  Dayton,  Ohio. 

7.  Bendix  Corp.,  Communications  Division,  Baltimore,  Maryland. 

8.  Booing  Co.,  Seattle  Division,  Seattle,  Washington. 

9.  Centro  Corp.,  Dayton,  Ohio, 

10.  Elano  Enterprises,  Xenia,  Ohio. 

11.  E-Systema  Inc.,  Dallas,  Texas, 

12.  Garrnt  Corp.,  Phoenix,  Arizona. 

13.  Gayston  Corp.,  Dayton,  Ohio. 

14.  General  Dynamics  Inc.,  Port  Worth,  Texas. 

15.  Cenoral  Electric  Corp.,  Aerospace  Electronic  Systems, 

Utica,  New  York. 

16.  General  Motors  Corp.,  Detroit  Diesel  Allison  Division,  Dayton, 
Ohio. 

17.  Goodyear  Aerospace  Corp.,  Akron,  Ohio. 

18.  Grumman  Aerospace  Corp.,  Dayton,  Ohio. 

19.  Grumman  Aerospace  Corp.,  Bothpagc,  Now  York. 

20.  GTE  Sylvanla  Inc.,  Dayton,  Ohio, 
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21.  Hobart  Brothers  Company,  Troy,  Ohio. 

22.  Honeywell  Inc.,  Avionics  Division,  St,  Petersburg,  Florida. 

23.  Hughes  Aircraft  Company,  Culvor  City,  California. 

24.  Hyland  Machine  Company,  Qnytan,  Ohio. 

25.  Lear  Siegler  Inc.,  Instrument  Astronlcs  Division,  Grand  Rapids, 
Michigan. 

26.  Litton  Systems  Inc.,  Guidance  and  Control  Systems  Division, 
Dayton,  Ohio. 

27.  Lockheed  Aircraft  Corp.,  Space  and  Missile  Systems  Group, 
Sunnyvalo,  California. 

28.  Lockheed  Aircraft  Corp.,  Mlssllo  Systems  Division, 

Sunnyvale,  California. 

29.  Marquart  Company,  Dayton,  Ohio. 

30.  Martin  Marietta  Aerospace,  Dayton,  Ohio, 

31.  McCauley  Accessory  Division,  Cessna  Aircraft  Company, 

Dayton,  Ohio. 

32.  McDonnell  Douglas  Corp.,  Layton,  Ohio 

33.  Monsanto  Research  Corp.,  Mound  Laboratory,  Mlamlsburg,  Ohio. 

34.  Nordon  Unitad  Technology  Corp.,  Norwalk,  Connecticut. 

35.  "orthrup  Corp.,  Hawthorne,  California. 

36.  Parker- Hannifin  Corp.,  Irvlno,  California. 

37.  Polmac  Systems  Inc.,  Dayton,  Ohio. 

38.  Pratt  and  Whitney  Division,  United  AircraTt  Corp.,  Dayton,  Ohio. 

39.  Projects  Unlimited,  Inc.,  Dayton,  Ohio. 

40.  Raytheon  Company,  Missile  Division,  Bedford,  Massachusetts. 

41.  Rockwell  International,  Anaheim,  California. 

42.  Rohr  Industries,  Chula  Vista,  California. 

43.  Singer  Company,  Simulation  Products  Division,  Dayton,  Ohio. 
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44.  Singer  Company,  Kearfott  Division,  Little  Falls,  New  Jersey. 

45.  i perry  Rand  Corp.,  Sperry  Flight  Systems  Division,  Phoenix, 
Arizona. 

46.  Sperry  Rand  Corp.,  Sperry  Division,  Sperry  Systems  Management, 
Great  Heck,  New  York. 

47.  Sperry  Univac  Company,  Defence  Systems  Division,  Salt  Lake 
City»,  Utah. 

48.  Sundstrand  Corp.,  Dayton,  Ohio. 

49.  Systems  Development  Corp.,  Santa  Monica,  California. 

50.  Systems  Research  Laboratory,  Computer  Sciences  Group, 

Dayton,  Ohio. 

51.  Tech  Development  Inc.,  Dayton,  Ohio. 

52.  Technology  Inc.,  Instruments  and  Controls  Division,  Day'  ti,  Ohio, 

53.  Technology  Inc.,  Technology-Scientific  Services,  Dayton,  Ohio. 

54.  Teledyi.e  Ryan  Aeronautical,  Son  Diego,  California. 

55.  Teledyne  CAE,  Dayton,  Ohio. 

56.  Teledync  Systems  Company,  Teledyne  Inc,,  North: idge,  California. 

57.  TRW  Corp.,  Defense  and  Space  Systems  Group,  Redcxido  Beach, 
California. 

58.  United  Aircraft  Products,  Inc.,  Vandal ia,  Ohio. 

59.  Vought  Corp.,  Vought  Aircraft  Division^  Dallas,  Texas. 

60.  Williams  Research  Corp.,  Walled  Lake,  Michigan. 

Military 

Mr  £acs&  AmULa.  Assam  1AE6M 

ASD  Audit  Office,  WPAFB. 

Air  Force  Logistics  Comnand  CAFLC) 

Air  Force  Acquisition  Logistics  Division  (AFALD),  WPAF3, 


s 


vstema  Command  (AFSC) 

Aeronautical  Systems  Division  (ASP).  WPAFB- 
Aorcrtaucica*  Equipment  SPQ  (AE) 

Airlift  SPO  (SD28) 

« AMST  SPO  (SD29) 

A- 10  SPO  (YX) 

Comptroller  (AC) 

EF-111A  SPO  (SCCS) 

Fighter/Attack  SPO  (SD27) 

F-15  SPO  (YF) 

F-16  SPO  (YP) 

International  Fighter  SPO  (SD5) 

Maverick  SPO  (SD65) 

PL3/RPV  SPO  (SDZ6/31) 

PRAM  Office  (RA) 

Propulsion  SPO  (YZ) 

Simulator  SPO  (SQ24) 

Specialised  Systems  (SOX) 

Strategic  Systems  SPO  (YY) 

<a.70th_ Aerospace  Medical  Research,  laboratory.  VTPAFB. 

Air  Force  Human  Resources  Laboratory.  WEAFB. 

0 

Air  Force  Wright  Aeronautical  Laboratories.  VfPAFB. 
Aeropropulalon  laboratory 

, Flight  Dynamics  Laboratory 

[ Materials  Laboratory 


76 


i.. 


Electronic  Systems  Division  (ESQ ).  Hans com  APfl 


JTIDS  Office 

TRIIAC  Office 

AWACS  (E-3A)  SPO 

Airborne  Conran d Post  (E-4)  SPO 

Surveillance  and  Navigation  SPO 

Comptroller 

Space  and  Hiss  lie  Systems  .OraanlzatK^.  Los  Angles  AFS. 
Advanced  Space  Programs 
Navstar  GPS  SPO 
Launch  Vehicles  SPO 
Re-entry  Systems 
Satellite  Data  Systems 
Space  Communications  Systems 
U «.  S .1  fcULY,  g,?g>g, 

Lima  Area  Office,  Lima  Modification  Center,  Lima,  Ohio 

ffiM/siM.y«vasrp 

Program  Control  Corporation 
A-10  SPO,  VPAFE 
NAS,  China  Lake,  California 
PCC  Office,  WFAFB 

On-Line  Systems  Inc.,  Los  Angeles,  California. 

Computer  Sciences  Corp. , Huntingdon  Valley,  Pensylvania. 
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Appendix  B 


Persons  Interviewed 


1.  Avion,  Ed.  Booing  Company,  ALCM  Program.  Seattle,  Washington. 
Regarded  by  Boeing  as  the  company  expert  on  PERT. 

2.  Bates,  Charles.  6570th  Aeramedical  Research  Laboratory,  Human 
Engineering  Division.  WPAFB,  Ohio. 

3.  Baush,  Jim*  General  Dynamics  Inc.,  Management  Support  Group. 

Ft.  Worth,  Texas. 

4.  Bible,  Richard.  Airborne  Ccemand  Post  (E-4)  SPO  (ESD/ySm), 

Business  Management  Division.  Hans com  AF3,  Massachusetts. 

5.  Bitter,  Steve  end  Bill  Perry.  Singer  Company,  Kearfott  Division, 
F-16  Assistant  Program  Director  and  Director  of  Management  Support. 
Little  Falls,  New  Jersey. 

6.  Boennlng,  Charles.  Allied  Technology  Inc.,  Director  of  Engineering. 
Dayton,  Ohio. 

7.  Boslngor,  Al.  Sperry  Rand  Corp.,  Sperry  Division,  Sperry  Systems 
Management,  Programs.  Great  Neck,  New  York. 

8.  Brewer,  Larry.  ASD  Comp broiler's  Office,  Directorate  of  Program 
Control.  WPAFB,  Ohio, 

9.  Brown,  Roger.  U.  S.  Army  Corps  of  Engineers,  Lima  Area  Office, 

Lima  Modification  Center,  Project  Engineer.  Lima,  Ohio. 

10,  Bush,  Chan*  Vought  Corp,,  Vought  Aircraft  Division,  Engineering 
Administration  and  Management.  Dallas,  Texas, 


11.  Crews,  Ron.  Air  Force  Audit  Agency,  ASD  Audit  Office,  WPAFB,  Ohio. 

12.  Davis,  Bill,  Program  Control  Corporation,  WPAFB  Representative. 
WPAFB,  Ohio, 

13.  Dietrich,  Walt.  Simulator  SPO  (ASD/SU24FF).  Financial  Management 
Branch.  WPAFB,  Ohio, 

14.  Duscommun,  Carol,  On-Line  Systems  Inc.,  Marketing  Representative. 
Los  Angeles,  California. 


< 
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15.  Elder,  Paul.  PLS/RPV  SPO  (ASD/SD26P),  Program  Control. 

WPAFB,  Ohio. 

16.  Flckef,  Jay.  Systems  Research  laboratories  Inc.,  Computer  Sciences 
Group,  Computer  Applications  Division.  Dayton,  Ohio. 

17.  Foster,  William.  Space  Communications  Systems  (SAMSO/SKP), 

Director  of  Program  Control.  Los  Angeles  AFS,  California. 

18.  Fout,  Bruce.  Hobart  Brothers  Company,  Troy  Division,  Engineering. 
Troy,  Ohio. 

19.  Gibson,  Jim.  Launch  Vehicles  SPO  (SAMSO/LVP),  Program  Control. 

Los  Angeles  AFS,  California. 

20.  Hardy,  Larry.  Sundstrand  Corp,,  Dayton  Office.  Dayton,  Ohio. 

21*  Harris,  Nick.  United  Aircraft  Products  Inc.,  President. 

Vandalla,  Ohio. 

22.  Hasslor,  Bob.  Lockheed  Aircraft  Corp.,  Space  and  Missile  Systems 
Group,  Chief  of  Infoxmatian  Processing.  Sunnyvale,  California. 

23.  Hefeman,  Reginald.  Goodyear  Aerospace  Corp.,  Chief  of  Program 
Control  and  Planning.  Akron,  Ohio. 

24.  Hondrlxson,  Jerry.  Concord  Industries  Inc.,  President. 

Los  Angeles,  California. 

25.  Himmelmaim,  Carl.  Grunman  Aerospace  Corp.,  Resource  Department, 
Plans,  Controls  and  Budgets  Division,  Master  Schedule  Section. 
Bethpage,  New  York. 

26.  Hogden,  Vernon.  Air  Force  Wright  Aeronautical  Laboratories, 

History  Office.  WPAFB,  Ohio. 

27.  Johnson,  Ray.  Technology  Inc.,  Instruments  and  Controls  Division, 
Dayton,  Ohio. 

2B.  Judson,  David.  Air  Force  Materials  Laboratory,  Manufacturing 
Technology  Division,  Metals  Branch.  WPAFB,  Ohio. 

29.  Klein,  John.  General  Electric  Corp.,  Aerospace  Electronic  Systems, 
Chief  of  Programs,  Plans  and  Controls.  Utica,  New  York. 

30.  Kovacs,  Sam,  Strategic  Systems  SPO  (ASD/YYPF),  Financial  Manage- 
ment Division.  WPAFB,  Ohio, 

31.  LeCialro,  Richard.  KC-10  3PO  (AFALD/YTFX),  Plans  and  Programing 
Division.  WPAFB,  Ohio, 
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32.  Loews,  Jim.  Parker- Harm  If  in  Corp.,  Engineering  Division. 

Irvine,  California. 

33.  MacElroy,  Joe.  System  Development  Corp.,  Estimation  and  Price 
Development  Croup.  Santa  Monica,  California. 

34.  Mason,  Will.  ESD  Comptroller's  Office  (ESD/ACBB),  Business 
Management  Division.  Hans com  AFB,  Massachusetts, 

33.  Miller,  Bob.  TRW  Corp.,  Defense  and  Space  Systems  Group,  Programs. 
Redondo  Beach,  California. 

36.  Milos,  Ross,  F-16  SFO  (ASD/YPEX),  Analysis  and  Integration  Division. 
WPAFB,  Ohio. 

37.  Mitchel,  Walker  and  Donald  Schmidt.  Air  Force  Aero  Propulsion 
Laboratory,  Technical  Facilities. .division,  Compressor  Research 
Facility  Acquisition.  WPAFB,  Ohio. 

38.  Nydeger,  John.  F-16  SPO  (ASD/YPEX),  Analysis  and  Integration 
Division.  WPAFB,  Ohio. 

39.  Per ion,  David.  Technology  Inc.,  Technology-Scientific  Services, 
Project  Management  Branch,  Computer  Systems  Section.  Dayton,  Ohio. 

40.  Price,  Jim.  Program  Control  Corporation,  A-10  SPO.  WPAFB,  Ohio. 

41.  Pumroy,  Fred.  Strategic  Systems  SPO  (ASD/YYP),  Program  Control, 
WPAFB,  Ohio. 

42.  Roasc,  Vince.  Sperry  Univac  Company,  Defense  Systems  Division, 
Configuration  Management,  Salt  Lake  City,  Utah. 

43.  Reeves,  Jerry.  Toledyne  Inc.,  Telcdyne  Systems  Company,  Program 
Management.  Norchrldge,  California, 

44.  Regan,  Dick,  Raytheon  Company,  Missile  Division,  Bedford, 
Massachusetts, 

45.  Kicdeger,  Doug,  Maverick  SPO  (ASD/SD65P),  Program  Control. 

WPAFB,  Ohio. 

46.  Robertson,  John.  Program  Control  Corporation,  NAS  China  Lake. 

China  Lake,  California. 

47.  Robins,  Frank.  Lockheed  Aircraft  Corp.,  Missllo  Systems  Division. 
Sunnyvale,  California, 

48.  Russell,  lhad.  JTIDS  SPO  (ESD/DCBXy,  Business  Management  Office. 

Kano com  AFB,  Massachusetts, 
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49.  Schugart,  Rex.  Loar  Siogler  Inc.,  Instrument  Astronlcs  Division. 
Grand  Rapids,  Michigan. 

50.  Sea  la,  Don.  EF-lliA  SPO  (ASD/SD25P),  Program  Control.  WPAFB, 

Ohio. 

51.  Spencer,  Chuck.  Grumman  Aerospace  Corp.,  Dayton  Office. 

Dayton,  Ohio. 

52.  Swanks,  Julia  and  Mike  Durielco,  Air  Force  Flight  Dynamics 
Laboratory,  Financial  Management  and  Computer  Services.  WPAFB, 
Ohio. 

53.  Taylor,  Donald.  Computer  Sciences  Corp.,  Defense  Systems  Division, 
Combat  Data  Systems  Center,  Operations  Manager.  Huntingdon 
Valley,  Pennsylvania. 

54.  Trlacari,  Tom.  Airlift  SPO  (ASD/SD28P),  Program  Control.  WPAFB, 
Ohio. 

55.  Tyson,  Barry.  Garret  Corp.,  Dayton  Office.  Dayton,  Ohio. 

56.  Wilber,  Joa.  Bendix  Corp.,  Communications  Division,  Engineering 
Directorate.  Baltimore,  Maryland. 

57.  Yonko,  Jon.  Monsanto  Research  Corp.,  Mound  Laboratory. 

Miamisburg,  Ohio, 


82 


\ 


APPENDIX  C 


=hu3f  Um  mw>  r*  wn  h’-» 


tepgKlfr  c 


Sample  Interview  Format 

PERT/CQA/CRA  Usage  Scale  (Scale  A) 


(0) 

1 have  never  heard  of  it  before. 

(1) 

I have  heard  of  it  in  passing,  know  what  it  is,  but  do  not  know 
any  details  about  it. 

(2) 

X have  talked  to  others  or  read  a fair  amount  about  it,  but  need 
to  Investigate  further  to  determine  if  I can  use  it. 

(3) 

I have  found  out  all  1 need  to  know  about  it, 
not  suitable  for  use  in  my  operation. 

and 

presently  it  is 

(4) 

I have  found  out  all  I need  to  know  about  it, 
use  it  in  the  future. 

and 

I will  probably 

(5) 

I have  used  it  in  the  past,  but  no  longer  do. 

(6) 

I am  currently  using  it  as  a management  tool. 

pebi  p.ijgifttofl/.gmtrpUlnri  yaafliteMa-gsalft  <Scal«  b) 

a) 

Worst  I have  used  or  seen  used 

(2) 

A littlo  better  than  the  worst 

(3) 

Better  than  the  worst 

(4) 

Not  quite  as  good  as  others 

(5) 

About  the  same  as  others 

(6) 

A little  hotter  than  others 

(7) 

Bettor  than  others 

<«J) 

Not  quite  the  best 

(y) 

The  best  I have  usod  or  seen  used 
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Name: 

Organization: 

Phono : 

Data: 

To  what  extant  are  you  acquainted  with  network  management? 

a.  0 1 2 3 4 5 6 (Scale  A) 

b.  Name  used:  PERT  CFM  Other  _ . 

How  long  has  PERT  been  used: 

a.  Personally  veara 

b.  Organization  voars 

Have  you  had  any  formal  training  in  PERT,  including  formal  courses 
given  by  your  organization? 

a.  College  Post-grad  Organization 

b.  Time  spent  on  PERT?  weeks 

c.  When  last  course  completed  weeks 

d.  Is  course  still  being  offered?  yes  no  uncertain 

Do  you  have  computer  support  available  to  you? 
yes  no  uncertain 

a.  Is  a PERT  program  available?  yes  no  uncertain 

b.  If  so,  are  you  using  it?  yos  no 

What  is  your  opinion  about  PERT  as  a means  of  planning  (and  replanning) 
a project,  compared  to  other  methods  you  have  used?  (examples:  regular 
staff  meetings;  budgets;  checklists;  milestones;  standard  planning 
outlines)  (Scale  B) 


123456  7 89 

the  worst  about  the  tho  best 

I have  used  same  as  the  I have  used 

o tliers 


What  is  your  opinion  about  PERT  as  a means  of  scheduling  and  controlling 
a project  after  all  planning  (and  replanning)  has  been  done,  compared 
to  other  methods  you  have  used?  (examples:  regular  staff  meetings; 
bar  (Gantt)  charts;  milestone  charts;  line  of  balance;  linear  program- 
ming; trouble  shooting  problems  only;  management  by  exception)  (Scale  B) 


1 2 

3 

4 5 6 

7 

8 

9 

the  worst 

about  tho 

the  best 

have  used 

samo  as  tho 

I have  used 

otl.ors 
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To  what  extent  are  you  acquainted  with  Cost-Duration  Analysis? 
a.  0 12  3 4 5 6 (Scale  A) 

If  available,  does  your  computer  program  for  PERT  havo  an  option  for 
solution  of  Cost-Duration  problems? 

not  available  yos  no  uncertain 


(0)  I HAVE  NEVER  HEARD  OF  CDA  BEFORE. 

Do  you  think  someone  elso  in  your  organization  may  have 
heard  o£  it? 


(1)  I HAVE  HEARD  OF  CQA  IN  PASSINC,  KNOW  WHAT  IT  IS,  BUT  DO  NOT  KNOW 
ANY  DETAILS  ABOUT  IT. 

1.  Where  did  you  hoar  about  it? 

Under  what  circumstances? 

When? 

2.  From  what  you  knew  about  It,  do  you  think  it  could  work 
for  you? 

Why?  (or  why  not?) 

3.  Before  you  talked  to  mo,  had  you  intended  to  look  Into 
it  further? 


(2)  I HAVE  TALKED  TO  OTHERS,  OR  READ  A FAIR  AMOUNT  ABOUT  CDA,  BUT  NEED 
TO  INVESTIGATE  FURTHER  TO  DETERMINE  IF  I CAN  USE  IT. 

1.  Where  did  you  loam  about  it? 

Whan? 

2.  From  what  you  know  about  it,  what  may  bo  some  benefits  of 
using  it? 

Do  you  forosoc  any  problems  with  it? 

3.  Do  you  loan  one  way  or  another  about  using  it? 


(3)  I HAVE  FOUND  OUT  ALL  I NEED  TO  KNOW  ABOUT  CDA,  AND  PRESENTLY  IT 
IS  NOT  SUITABLE  FOR  USE  IN  MY  OPERATION  . 

1.  Where  did  you  first  loam  about  it? 

Under  what  circumstancos? 

When? 

When  was  the  last  time  you  heard  (or  read)  anything  about  It? 
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2.  What  is  there  about  it  that  you  find  unsuitable? 

Were  there  other  factors  which  entered  into  your  decision? 
Which  of  those  factors  influenced  you  the  most? 

Were  you  aware  of  come  positive  factors? 

3.  Do  you  think  this  technique  could  bo  used  by  other  orgnnizn- 
tions  in  the  aerospace  industry? 

Are  you  aware  of  anyone  who  is? 

What  are  the  major  differences  between  them  and  your 
organization,  that  they  can  use  it? 

4.  Do  you  think  you  may  someday  reconsider,  especially  if  some 
of  the  problem  areas  could  be  eliminated? 


(4)  I HAVE  POIND  OUT  ALL  I MEED  TO  KNOW  ABOUT  CCA,  AMD  WILL  PROBABLY 
USE  IT  IN  THE  FUTURE. 

1.  Where  did  you  first  leam  about  it? 

Under  what  circumstances? 

When? 

When  did  you  last  hear  (or  read)  anything  about  it? 

2.  What  benefits  of  using  it  were  most  influential  In  your 
decision  to  use  it? 

What  other  thing  does  it  do  well? 

What  problem  areas  con  you  foresee  in  using  it? 

3.  Why  are  you  not  using  this  method  now? 


(5)  I HAVE  USED  CM  IN  THE  PAST,  BUT  NO  LOGGER  DO. 

1,  Whore  did  you  first  leam  about  it? 

Undor  what  circumstances? 

When? 

2,  How  long  has  it  been  since  you  usod  it? 

Why  did  you  stop  using  it? 

Hava  you  read  or  heard  anything  about  it  since  you 
last  used  it7  ...  anything  now? 

3.  Was  it  useful  to  you  while  you  were  using  it?  How? 

How  extensively  did  you  use  it? 

Do  you  plan  to  use  it  again?  In  tho  some  format  and  methods? 

4.  What  type  of  method  did  you  use?  (Name  or  description), 

3.  Aro  you  aware  of  other  aerospace  organizations  which  continue 
to  use  this  technique  successfully? 

If  so,  why  can  they  use  It  and  not  you? 
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(6)  I AM  CllRRIM TLY  USING  CIA  AS  A MANAGEMENT  TOOL. 

1.  Where  did  you  first  learn  about  it? 

Under  what  circumstances? 

When? 

Arc  you  keeping  up  to  date  on  improvements?  How? 

When  was  the  last  time  you  heard  or  read  about  something 

now  regarding  it? 

2.  How  extensively  do  you  use  it? 

Do  you  try  to  apply  it  on  every  project  possiblo, 
or  only  if  problems  arise? 

3.  What  aspect  of  the  technique  do  you  find  the  best? 

What  are  some  areas  that  you  feel  are  weak  or  noed  improvement? 
Have  you  had  any  probluku*  v<th  it? 

4.  What  typo  of  method  are  you  using?  (namo  or  description). 

5.  Do  you  know  of  other  Aerospace  organizations  which  aro 
using  or  have  used  it? 

Why  do  you  think  more  organizations  do  not  use  it? 


To  what  extent  are  you  acquainted  with  Critical  Resource  Analysis? 
a.  0 1 2 3 4 5 6 (Scale  A) 

If  available*  does  j >ur  computer  program  for  PERT  have  an  option  for 
tho  solution  of  Critical  Resource  problems? 

not  available  yes  no  uncertain 


(0)  I HAVE  NEVER  HEARD  OF  CRA  BEFORE. 

1.  Do  you  think  someone  else  In  your  organization  may  have 
hoard  of  it? 


O)  I HAVE  HEARD  OF  CKA  JN  PASSING,  KNOW  WHAT  IT  IS,  BUT  DO  MOT  KNOW 
.ANY  MTAIIS  ABOUT  IT. 

1,  Whore  did  you  hoar  about  It? 

Under  what  circumstances? 

When? 

2,  From  what  you  know  about  It,  do  you  think  it  could  work 
for  you? 

Why?  (or  wny  not 7) 

3,  Before  you  talked  to  mo,  iiad  you  lntondod  to  look  into 
it  furthor? 


(2)  I HAVE  TALKED  TO  OTHERS , OR  READ  A FAIR  AMOUNT  ABOUT  CRA,  P.UT 
NEED  TO  INVESTIGATE  FURTHER  TO  DETERMINE  IF  I CAN  USE  IT. 

1.  Where  did  you  learn  about  It? 

When? 

2.  From  wliat  you  lenow  about  it,  what  inay  be  some  benefits  of 

using  it? 

Do  you  foresee  any  problems  with  it? 

3.  Do  you  lean  one  way  or  another  about  using  It? 


(3)  1 HAVE  FOUND  OUT  ALL  1 NEED  TO  KNOW  ADOUT  CRA,  AND  PRESENTLY  IT  IS 

NOT  SUITABLE  FOR  USE  01  MY  OPE  RATI  04 . 

1,  Whore  did  you  first  learn  about  it? 

Under  what  circumstances? 

When? 

When  was  tho  last  time  you  hoard  (or  read)  anything  about  it? 

2.  Wliat  is  there  about  it  that  you  find  unsuitablo? 

Were  there  other  factors  which  entered  into  your  decision? 
Which  of  these  factors  influenced  you  the  most? 

Were  you  aware  of  some  positive  factors? 

3.  Do  you  think  this  technique  could  be  used  by  other 
organizations  In  the  aerospace  industry? 

Are  you  aware  of  anyone  who  is? 

What  are  tho  major  differences  between  them  and  your 
organization,  that  they  con  use  it? 

4,  Do  you  think  you  may  someday  reconsider,  especially  if  some 
of  tho  problem  areas  could  be  eliminated? 


(4)  I i LAVE  FOUND  OUT  ALL  I NEED  TO  KNOW  ABOUT  CRA,  AND  WILL  PROBABLY 
USE  IT  IN  THE  FUTURE. 

1.  Where  did  you  first  learn  about  it? 

Under  what  circumstances? 

When? 

When  did  you  last  hear  (or  road)  anything  about  it? 

2.  What  benefits  of  using  it  wore  most  influential  in  your 
decision  to  use  it? 

What  other  thing  does  it  do  well? 

What  problem  areas  can  you  foresee  in  using  it? 

3.  Why  are  you  not  using  this  method  now? 
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(5)  I HAVE  USED  CRA  IN  THE  PAST,  BUT  NO  LCUGI'R  DO. 

1.  Where  did  you  first  learn  about  it? 

Under  what  circumstances? 

When? 

2.  How  lon^  lias  it  been  since  you  used  it? 

Why  did  you  stop  us  Ins  it? 

Have  you  read  or  heard  anything  about  it  since  you  last 
used  it?  •••  anything  new? 

3.  Was  it  useful  to  you  while  you  v?ere  using  it?  How? 

How  extensively  did  you  use  it? 

Do  you  plan  to  use  it  again?  In  the  same  format  and  methods? 

4.  What  type  of  method  did  you  use?  (Name  or  description) 

5.  Are  you  aware  of  other  Aerospace  organizations  which  continue 
to  use  this  technique  successfully? 

If  so,  why  can  they  use  It  and  not  you? 

(6)  I AM  CURRENTLY  USING  CRA  AS  A MANAGEMENT  TOOL. 

1.  Where  did  you  first  learn  about  it? 

Under  what  circumstances? 

When? 

Are  you  keeping  up  to  date  on  improvements 7 How? 

When  was  the  last  time  you  heard  or  read  abot  : something 
new  regarding  it? 

2.  How  extensively  do  you  use  it? 

Do  you  try  to  apply  it  on  every  projoct  possible,  or 
only  If  problems  arise? 

3.  What  aspect  of  the  technique  do  you  find  the  best? 

What  are  some  areas  that  you  feel  aro  weak  or  need  improvement? 
Have  you  had  any  problems  with  it? 

4.  What  type  of  method  are  you  using 7 (name  and  description) 

5.  Do  you  know  of  other  Aerospace  organizations  which  are  using 
or  have  used  it? 

Why  do  you  think  more  organizations  do  not  use  it? 


90 


im 

Lawrence  J.  Klemcntowski  was  bom  in  Lackawanna,  New  York  on 
Ap^il  10,  1949,  He  graduated  from  high  school  in  Athol  Springs,  New 
York  in  1967  and  attended  the  State  University  of  New  York  at  Buffalo 
from  which  he  graduated  in  1971  with  a Bachelor's  degree  in  Chemical 
Engineering  and  a commission  in  the  United  States  Air  Force* 

After  completing  pilot  training  at  Williams  Air  Force  Bose, 
Arizona,  he  flew  rhe  C-9A  N lghtingale  at  Scott  Air  Force  Bose,  Illinois. 
In  March  1976  he  completed  Squadron  Officer  School  in  residence  at 
Maxwell  Air  Force  Base,  Alabama,  and  was  assigned  to  the  Scott  Command 
Post.  While  serving  there  as  a Wing  Officer  Controller,  he  continued 
to  fly  the  aeromedical  airlift  mission  in  the  C-9A,  He  entered  the  Air 
Force  Institute  of  Technology  in  June,  1977, 

He  is  married  to  the  former  Julianna  A,  White  of  Yonkers,  New  York. 
They  have  two  daughters,  Carissa  Louise  and  Kimberly  Meredith. 

Permanent  address:  271  Patrice  Terrace 

Wlllimsvillo,  New  York  14224 


91 


‘^WSsBjp’tKn*!'  “t*  -- 


L'LCiAssmsD 

SECufth'V  CLASSIFICATION  OTtHaTACE  (Vn^n  Oola  EnlrtriQ 

*~nt  TOf<  r ft  *M«Kh  T.  GOVT  ACC  I 

At**  J 1 /*-»  i .jW/  / uj*  i L 

A.  T>ri.r  {I'Hif 

pskr/un  Alia  snrpTj:reaTA?.Y  analytical 

JiA..:.i  IU1  uJ  ■ Jii.i  j-.WkUl.V  ,J»  rflk'wfj  lu>rf  v «L 


Sis  MSS  is  MSI  (ilULlK  TR^SLCASLI 

2^01  (Xyy  IUBUSS®  so  BDQ  rm w*"' 


REAP  'INSTRUCTIONS' 


i.  GOVT  ACCESSION  NO,  3.  RECIPIENT'S  CAT  ALOG  NUMBER 


5.  TYRE  or  REPORT  o PERIOD  covered 

MS  Thesis 


fc-  Rt  HI  OKMINt.  O'l',.  Ill  ROH  r IIUMlii  K 


7.  AUTHORM 

Lawrence-  J.  Kicmcntowskl 
Captain  UCAF 


ri.  PhHFC.  'iMkNO  OR5AMUAT»ON  NAM l-  AND  ADDHI-r.S/ 

Air  l'oreo  Institute  of  Technology  (AFIT/EJH) 
Wright-Vautarson  APB  OH  45433 

U.  CONS  ROLLING  oitici:  name  - NO  address 


l).  CON’I  HACT  OH  CHAU?  NOMOtllfii 


10,  PROGRAM  ELEMENT,  l-nOJECT,  TASK 
AREA  A WORK  UNIT  NUMDbHS 


12.  REPORT  DATE 


Air  Force  Institute  of  Teciinology  (AfTT/EiO  Sept  ember  197  4 

Wright  ■ ' pc -non  APB  Oil  43433  ,y  J“MMEH  OF  PAr-ns 

' I V.- T.t'oNiTd',  I ifir  yTTamET'  A U O RE  SSfi  r II  I Ir/inT  Porn"  tonlmlllnn  Otii  "«•»>  15.  SCCUHi’ty'cl  ASS.  (o  / till*  t.tnirl)~ 


UNCLASSIFIED 

T5a.  dl  c l as  si  h c a tTon/  DOWN  C>  H A INN  6 " 
SCHEDULE 


10.  DISTRIBUTION  STATEMENT  (vl  thh  Delicti) 


Approved  for  public  release;  distribution  unlimited 


17.  DI5T  HI  L»U  T ION  N T AT  CM  l*.  N T (of  the  *b*tr-*e.t  entered  In  Ulock  20,  if  dtHervnt  from  Hefiott) 


to.  supplementary  notes  Approved  for  public  release;  I AW  AFR  190-17 

• 

OOSfePfU p-  HIPPS,  Major,  U$J?T 
Director  of  Information 

13.  KEY  WOftOS  (Continue  on  rrmif  t>ld»  It  nfcf/nnr)'  mnd  Identify  by  hlotfr  nun^her) 

PERT  Management  Control  Systems 

CPM  networking 

PfciiT/COS'i’  N etwori:  Managnment 

Cost  Duration  Analysis  Aerospace  Acquisition 

Critical  Resource  Analysis  Weapon  S vs ten  Acquisition 

TPACT  {Tom  I too#  of i t***rs*  elttm  It  n»c»*»*r/  nt id  identity  by  itoclr  r.itmbmt)  I 

* Tiro  rapid  pace  of  technological  progress  in  the  last  75  years  has  caused 
the  development  of  a number  of  now  management  tools,  but  perhaps  the  most 
controversial  of  those  is  network  based  management*  Two  closely  related 
methods  exist,  the  Program  Evaluation  and  Review  Technique  (P3RT)  and  tho 
Critical  Path  Method  (CFM).  Those  methods  are  often  spoken  of  today  as  one, 
culled  PEKT/CK-i.  Two  important  analytical  teclmlques  often  used  with  PERT/ 

CFM  are  Cost  Duration  Analysis  (Clll)  and  Critical  Resource  Analysis  (CHA).  -fueul 


\>0  //an  n 1473  ^ IM  1 1 ON  o-'  I Nt'V  ES  IS  Otisca  ETE 


VN CLASSIFIED 

*•■  curit y cl / s-.TiTcat'ion  oi~n( is’ i< <T ti 7 i >v  4m ' i i , t 


UNCLASSIFIED 


SECUNITY  CLASSI  F ICATiON  3 F THIS  h*A5EfI»flwt  />«r*  Entered) 


gx$  FAfil 18  BBSt  QUALltT 
rao*  «?*  rJJKttSffis  m m 


•"tontlnoattwT — ~ ~ - — — - — • 

block  20.  ABSTRACT 

PERT,  CK1,  CU\,  and  CRA  have  gone  through  many  changes  since  they  wore 
developed  in  tho  late  1050* r. , and  the  current:  theoretical  and  mathematical 
approach^1;  to  Li  i cun  can  be  quit';  complex.  Hi  its  theory  tends  to  dominate 
published  material  in  the  network  ma:wi,",.'\r.v;nt  fit-id,  there  being  /.Lttlc  docu- 
i ion*  at.icn  of.  pr-’cVi  cal  i'.pplic.it.i>-n:s  of  Pdh'l/'h'M.  Thin  disparity  was  >m'« 'Sti- 
tt* tod  in  tho  aerospace  industry  in  this  thesis. 

t - — ^ 

Contacts  wore  made  with  114  organisations,  43  military  and  66  private 
industry*  Information  was  received  from  105,  and  of  these,  48  ware  using  seme 
form  of  PERT/CFK.  In  tho  military,  38  percent  wore  using  P2RT/CEM;  while  in 
industry  it  vaa  47  percent.  There  was  a significant  discrepancy  in  the 
experience  levels  between  Air  Force  and  industry,  with  the  industry  having 
considerably  mere  experience.  The  use  rates  for  CM  and  CRA  wore  found  to  bo 
quite  low,  with  only  4.3  percent  and  7 percent,  respectively,  of  current 
PEKT/CPM  users  reporting  the  use  of  those  techniques.  Individuals  interviewed 
wore  asked  to  evaluate  CM  and  CRA,  end  it  was  found  that  the  moat  often 
mentioned  reasons  for  not  using  CDA  and  CPA  worn  their  complexity  and  cost. 


m CLASS  IF ISO 

SEfUMTY  CL  ASWPICATIOH  OP  THIS  t>  A SI'(  ■*><■>■  lit, It.  I.Vi ter.nli 


